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PREFACE 
Th~s report reflects the work accomplished by Bell Hel~copter 
Textron under Nat~onal Aeronaut~cs and Space Admin~strat~on 
Contract NAS2-10404 "Assessment of Historical and Projected 
Segments of u.S. and World c~vil and M~l~tary Rotorcraft 
Markets" . 
The proJect was sponsored by the Ames Research Center, Moffett 
F~eld, Cal~forn~a. The contract was administered by Contract-
~ng Off~cer Ms. Carmen Young and conducted under the technical 
direct~on of Mr. Will~am Snyder. Contract work began in 
October 1979 and was completed through draft report in January 
1981. 
Tasks performed in comp~ling this report were performed under 
the d~rect~on of BHT ProJect Engineer, Willl.am J. Yates, 
ass~sted by Sen~or Market Analyst, Earl Boyd, Market Analyst, 
Wl.lll.am Klim, Engineering Specialist, Ben Scott, and Market 
Researcher, Susan Fox. 
Specl.al acknowledgement is given also to Management Sciences 
Analyst, Scott Mahan, Computer Programmer, Casey Haugland, Mag 
Card Typ~st, Lory Love, Marketing Advanced Products Special-
l.st, John Oswalt, Market Development Specialist, John Erskine 
and Tech Adm~nistrator, Eloise Vaughan. 
Thl.s report l.S a study of the history and future of helicop-
ters, with an assessment of segments of markets, and the 
sens~t~vl.ty to new technology as specified in the contract. 
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ThlS study was performed under NASA Contract NAS2-l0404, "A 
Market study of civil and Ml.lltary Hell.copters." The contract 
called for two tasks to be accomplished. 
Task I 
• Conduct a twenty-year hlstorlcal analysis and a ten-year 
forecast of the u. s. and free-world markets by market 
segments. 
• D1SCUSS key lnfluences on market growth. 
• ReVlew strengths and weaknesses of u.s. technology. 
Task 2 
• Forecast the C1Vll market sensitivlty to new technology 
wlth selected premises as to vehicle life, noise stand-
ards, fuel costs, GNP expansion, air traffic growth. 
• The forecast lS based on a scenarlO of hellcopter tech-
nology improvements resulting in increased size and 
performance. 
This study used the Bell Helicopter Textron data base, which 
contains lnformation from a wide variety of sources. These 
sources lncl ude records from the U. s. government, I CAO, for-
elgn governments, clvil alrcraft registers from 45 countries, 
trade assoclation publlcatlons, and the United Nations and 
Bell Helicopter Textron records. BHT records include field 
reports from marketing staff, field service representatives, 
and lnternational marketlng representatives. 
A detalled study has been made of each of seventy-five key 
countrles. The geographic, climatic, politlcal, economic, and 
demographlc environment of each country has been analyzed with 
respect to helicopter procurement history and usage. The 
overall enVIronment is dIscussed in Enclosure I. Keyenviron-
mental l.ndlcators which are varlable have been projected into 
the future to serve as a base for forecasts for this study. 
The forecasts, made subjectl.vely, based upon a building-block 
analysls, model-by-model, mlsslon-by-mlsslon, country-by-
country, has been compared to a forecast made by computer 
models. Overall, they are wi thln 10 percent of each other. 
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TASK 1 
An assessment of the Historical and ProJected segments of u.S. 
and World civil and Military Rotorcraft Markets. 
The helicopter industry over the past has shown a remarkably 
healthy growth. This growth, for the most part, has been 
spurred by a series of events rang~ng from geopolitical ac-
tions to technical breakthroughs. However, its cont1nued 
growth in size and in breadth is largely due to a relatively 
few highly innovative individuals and institutions willing to 
take high risks exploring the utilization of helicopters in 
untried areas. 
The introduction of the gas turbine powerplant in the 1950's 
gave tremendous impetus to the rotorcraft market by virtue of 
the vast improvement in power-to-weight ratio. M11itary 
forces were the first to exploit this breakthrough. The 
European rotorcraft industry received its first impetus from 
the requirements of the French mil~tary for the Algerian War. 
The Vietnam war provided a major impetus to u.s. 1ndustry to 
meet the needs of the u.S. military forces. 
A commercial organization in Louisiana took the 1nitiative of 
providing helicopter support with the outset of offshore 
petroleum drilling operations. This has grown worldwide into 
an industry employing over 1000 helicopters with the highest 
utilization (flight hours per month) in the industry. Other 
innovative leaders have included a commercial he11copter 
operator in Colombia using helicopters for construction of a 
pipeline over the Andes, the Los Angeles Police Department, 
the Chicago Fire Department, and many others. 
Procurement of helicopters increased dramatically between 1960 
and 1967, increasing fivefold to more than 3500 units per 
year; then dropped off to less than half that rate by 1978. 
Since then the rate has sharply increased and is forecast to 
reach a level of nearly 4000 units per year by 1990. 
The dollar investment in helicopters has increased even fas-
ter. In 1960 the investment was just over $200 million. Due 
to inflation and increasing quant~ties, S1ze and complex1ty, 
by 1970 the 1nvestment was more than $1.6 billion and reached 
$2 billion by 1979. It is expected to grow to more than $10 
billion by 1990. Thirty-three percent of this increase is due 
to inflat~on, forecast at 8 percent per year compounded. 
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The followl.ng sub-tasks analyze thls growth supplemented by 
tables and graphs (flgures). The dollar quantl tles may not 
total the same from table to table due to roundlng. The 
graphs, plotted by computer, are approxlmate, as the computer 
rounded the quanti ties to the value of the nearest plottlng 
11ne before plottlng. In some cases, for low values the 
roundlng was to zero. 
Task 1.1 - MaJor clvl.l and ml1ltary manufacturers rotorcraft 
production, sales dollars, 11cense productlon, and number of 
dlrect rotorcraft employees over the perlod 1960 through 1990. 
Free World elV11 Rotorcraft Productlon (Table/Figure 1.1 a, b) 
Unit production has increased by nearly 2-1/2 times for each 
decade beg1nn1ng with 1960. It is forecast to more than 
double agal.n by 1990. Bell has dom1nated product1on from the 
outset and 1S forecast to do so through 1990. Dur1ng the 
1960' s, Hughes was second followed by Slkorsky. During the 
1970' s, Aerospatiale replaced Sikorsky in th1rd position and 
lS forecast to replace Hughes In second position by 1990. The 
manufacturer t1tled 'other' includes all other manufacturers 
lncluding llcensed productlon of Bell, Aerospatiale, Hughes, 
Slkorsky, and MBB, other than that conducted by Agusta and 
westland. 
Cl vl.l productlon suffered a slight setback in 1965 as U. s. 
manufactur1ng capac1 ty converted to military production for 
V1etnam. It suffered a more dramatic setback in the 1974/1977 
per10d follow1ng the world wide impact of the OPEC 1ncrease 1n 
the prlce of 011. However, 1t has now resumed its very strong 
growth pattern WhlCh began at the start of the 1970's. 
Free world C1Vll rotorcraft sales ln $ m1llions over the years 
has l.ncreased much faster than unit sales as would be expected 
wlth the growth of the size and complexlty of helicopters, and 
wlth lnflation. Durlng the 1960's, dollar sales increased 
4-1/2 tlmes. Durlng the 1970's, the lncrease was more than 12 
tlmes to a level of $850 mlllion by 1980. By 1990 sales are 
forecast to l.ncrease approx1mately 7-1/2 tlmes to $4.236 
bllll.on. Inflatlon alone (at 8%/yr.) would lncrease 1980 
sales to $1.835 bl11lon, leaving $2.4 blllion WhlCh lS a 
reflectlon of lncreased quantities, Slzes, and complexitles of 
hellcopters. 
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NOTE WESTLAND CIVIL PRODUCTION 
IS NEGLIGIBLE 
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Figure l.l(a 1). ~ree \:orld civil rotorcraft production (units). 
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Figure 1.1(b 1). - Free world civil rotorcraft production ($ millions). 
Free World Military Rotorcraft Production (Table/Figure 1.1 c 
~ - Unit production for military forces was less than 1000 
per year in 1960. It peaked in 1968 at more than 3000 un~ts 
per year. The increase was caused largely by the creation and 
deployment of u.s. Army air mobile forces to Vietnam. Produc-
tion stayed above 2000 units per year through 1970 as other 
military forces adopted the concept of air mobility. By 1980 
it had dwindled to less than 700 units per year, taking a 
sharp decrease in 1974 after the OPEC oil price increase. 
Production is forecast to steadily climb throughout the 1980's 
as military forces modernize, upgrade, and expand to meet ~n­
creasing military threats discussed ~n Enclosure I. 
During the 1960's, Bell dominated military unit production, 
increasing tenfold between 1960 and 1967, then dropping 
sharply in 1971 with the end of the Vietnam War. Boeing/ 
Vertol also showed a strength in the 1964/1969 period. S~kor­
sky decreased over both decades and Aerospatiale fluctuated 
wi th modernization cycles of French forces. For the future, 
Sikorsky and Hughes u.s. military orders cause strong growth, 
particularly in dollars because of the high cost of new wea-
pons systems. Aerospatiale also shows strength through 1990 
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Figure l.l(d 1). - Free world military rotorcraft production ($ ~illions). 
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Figure l.l(d 2). - Free world military rotorcraft production ($ millions). 
Growth of License Production (Tables/Figures 1.1 e, f) -U.S.-
designed licensed unit production peaked during 1975 at more 
than 260 units (21% of U.S. production). Thereafter it de-
creased and is forecast to level at approximately 100 un~ ts 
per year during the 1980/1990 period. European licensed 
production, starting later than U. S ., peaked in 1974 at 104 
uni ts per year (32% of European production). Thereafter it 
also declined to approximately 50 units per year. Aerospati-
ale and MBB are now pursuing aggressive licensing programs 
(Brazil/lndonesia/Japan/China) and licensed production of 
European design is expected to grow moderately again reaching 
75 units per year by 1990. 
Licensed production occurs when countries want to procure 
technology. It is hampered by the very high cost of tooling 
and technical know how amortized over a relatively low produc-
tion run to satisfy a single country's force requirements. 
18 
I~~ ZFQ£ Gqq£ ... ?~~ .O_~ ~~7~ ~~~~ I~L? I~"~ OOC~ OLCL 
I 
O,ti"J. ""t4-f ,'" It .. 
------------------------------------------------------------------------------------
''''., 7 
tn.? I.~? GC".? '7r~ .o~'!' 010~ IrCJI _7LI PI'" ",""1 f'Fld<l -t; ·n,....., f) -".-n 
If'> "t. ""1 Oil ...... G?, ~o • 10. CJ'" '"'I IZ. Ol)of.i ")1',,,-" <1 -c;-'" ,u £L f'L £L r .. 1 I ... , II .. , 
-" 
~C; L;- "<1 .... , '1" ... ·)-0 (l~tfn 
C; .... Lf'6 0 ..... .O~ c;c:q ft." c;e;1 r,rl ;'-PI r~., .6<: or"!d "~Jn :1/"", <1 r>!n~ 
----------------------------------------------n~ 6P qg La CJ9 C;" .P rq 70 IA 0 0 
1~.,"Hn~ 
'OL£~ OOOZ PI"I fi,e;I _01 I e;"'''1 fl_a , ("0.'" "OZ7 QQ£? foe; u: I ",~n. ~lM.f ~101 






~l -'L Ii OL 
AHnl <; 11-1 
, 6 <:If' ~It' <J9"£ ."Gr <;-'" 7 .. 7. ... at'o? 0'1 , ... 'C;, 1"01 ?~ I I I O'HflW ~,~ 'Y10l 
-------------------- --------------------~-----------------------------------
'
.L"? (!"'C;Z q.,,, ?71~ .... O,? I<;PI A70, CJZ~' '7.01 C;"t 6f'1 I '1P'Iot 0-;0""""-0 Oc;O" 
0'J7 '''£ ~L" orr Ie;... C;CJ? C;C7 I~I 7.Z7 lOI qC;1 ~.~~ 'I"N') 0 ero" 
Z? 0' 01 r 01 01 01 ~ 01 ., 0 n~M~ 'I"~ 0 ~~,,~ {'ft. ~7 1£1 all Gil o~. C;.' ".7 OCl? ,,~, G6~ no~~ nHr~'~~-O ~~~ 
-----------------------------------------------------------------~-I OL foQ Ao LCJ qo C;q ,,~ ('CJ ... q ,<> OCJ' 
AI'IOl';IH 





























U S. DESIGN/U S PROOUCTIOH 
U 5 DESIGN/LICENSE PRODlICTlON 





II" u & • ... ~. u, .", I~ ,. Ie ,_ ... ,~, I 'e. .... t ~,...... ., ilIO "'II "'''' 
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TABLE 1.1 (f) • GROWTH OF LICENSE PRODUCTION ($ MILLIONS) 
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Figure l.l(f}. - Growth of license production ($ millions). 
Free World D~rect Employment (Table/F~gure 1.19) - During the 
1960's, direct labor employment rose to a peak at the he~ght 
of the Vietnam War, led by U. S. manufacturers. During the 
post-Vietnam years, employment dropped dramatically. It has 
subsequently resumed a growth pattern resulting from increased 
un~t production. By 1990, employment is expected to increase 
substant~ally, even taking ~nto account improved manufacturing 
techn~ques and ~ncreased employee productiv~ty. It is impor-
tant to note that, due to personnel account~ng methods employ-
ed ~n the ~ndustry, the figures shown include the direct labor 
to produce spares as well as end item helicopters. As inven-
tor~es grow, and helicopter complexity increases, spare parts 
support requirements become increasingly significant as part 
of manufacturers direct labor. 
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Figure l.l(g). - Free world civil & military rotorcraft production 
(direct employees). 
Task 1.2 - Regional market consumption and growth for civil 
and military rotorcraft for the period 1960 through 1990. 
Regional Civil Markets (Tables/Figures 1.2 a & b) - The U. S . 
civil rotorcraft market dominates the free world, accounting 
for more than one-half of the market over the past twenty 
years. All regions, other than the Middle East, reflect a 
temporary decrease after the fivefold oil price increase ~n 
1973/74 before resuming their climb beginning in 1978. The 
U. S. dominance is expected to hold throughout the forecast 
period. Latin America, Europe, and Australia/As~a all are 
expected to show strong growth. 
The regional distribution reflects the high demand for heli-
copters for exploration and development of energy in the u.S., 
Mexico, Brazil, the North Sea, the Persian Gulf, and the 
archaepelago stretching 3000 miles from Thailand to Australia. 
It also reflects the wealth of countries with a surplus of oil 
as discussed in Enclosure I. 
Fiqure 1.2(a 1) is an expansion of 1.2(a) without the u.S. 
shown. 
26 
TABLE 1. 2 (a) • REGIONAL CIVIL IffiRKETS (UNITS) 
HI ~TOHY 
bl b2 03 bb b7 70 
AU~IHALIA.fA~1 25 .H 20 .11 bO 41 .1.1 1"0 !)4 94 98 
CANADA 29 29 28 25 22 4b 4:. 45 64 ::.z 57 
EUROPE l.J ~2 .19 b6 5b bd 4O C>5. 97 9C> tS4 
LATIN AI4E:RI t.A 4 9 .!9 .:1 3~ 59 .)3 43 !)O 50 63 
~Io t:."ST.fAFRI :I I 6 II Its 4 b 13 18 8 30 
UN II!:;D SI"T"S Clb 142 Ib4 229 229 104 228 230 282 247 21Ci 
UNKNOWN 5~ 90 1S4 bl 54 33 21S b 4 3 6 
----------------------------------------------------------------------------------------------------------------
TOIAL CIVIL 222 3.10 370 450 41S0 4.!1 413 50tS 5b9 550 548' 
HI510RY 
70 71 72 13 74 7~ 7b 77 71S 79 80 
-----------------------------------------------------------
tv AUSI RAL I A.fASI 98 C>b b9 1"4 101 101 105 94 121 144 I~ eA",ADA 57 81 87 101 70 78 bO 63 !)4 g8 IC>4 
-...J EUROPE 84 92 127 170 145 141 99 107 145 143 228 
LATIN AI4ERlCA C>3 45 50 ~ 52 C>3 8e; 101 6C> 89 .49 
1410 EAST.fAFRI 30 50 23 34 3.! 31 47 3b 48 27 M 
UN liED SIAl 1:;5 210 Zlb 264 559 489 425 404 352 392 835 8&7 
UtoIKNOWN C> 8 5 Ib 24 16 7 6 5 10 0 
------------------------------------------------------------------------------------------------------
TOTAL CIVIL 54ti 558 b25 104Q 913 ti61 802 759 837 1340 Ib991 
FONECASI 
-------------------------------------------------------------------------------------------------------tiD 81 82 .,3 84 85 86 87 88 89 90 
--------------------------------------------------------------------AU51~ALIA.fA~1 I 182 2.0 181 222 23. 258 ~7" 289 281 301 313 CANADA 164 23b 257 2«>6 282 295 "Ci7 325 33. 3!t4 368 EUHUPE ~28 230 256 211 29' 301 311 328 344 3508 370 LATIN AI4ERILA 14. 152 162 170 175 1.,7 19~ 207 2.7 23. .!43 "'10 t:.AS1.fAFIU 89 IC7 IDS 117 116 118 123 129 130t 138 ..... UNI TED STATES 887 910 991 1048 1119 12.0 1277 1352 1412 ..... 1555 UNKNOWN Ci 0 0 0 0 c. 0 0 I) 0 0 
---------------------------------------------
------------------------
10lAL CIVIL , 11:>99 18~1 1952 io!O,*4 2221 2369 248 .. 2 .. 30 2725 2863 299&( 








00 I v 
, 
.. • ...tlO • 
l 
I> 




c... ,. 0'" 1:''' 0':) • U ,., bt tlo.. IL 'I 1.. I~ I.. ,~ I... 11 19 7'1 tiC til tt~ ~.. tI" U~ tiC) dl ~ at.. "I) 














--t ---t---t---t---t---t---t---t---t- - t--t---t---t---.---.--- t--t--t--t- • --t---t--t-t---.- - -t- t---t- ~ ---t--t--
b(.. b 1 0.... b.i b" t.I~ ltb lIo' bit oc.. 1,- -, I 7,l 7.J ,. I.:> 10 17 7b 1"':1 f)" b I be." ~..t .,... t J be. U, bt. uti 'I" 
Figure 1. 2 (a 1). Regional civil markets (units). 
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Figure 1.2 (b) . Regional civil carkets ($ millions). 
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Figure 1. 2 (b 1). Regional civil markets ($ millions) . 
Regional Mil~tary Markets (Tables/Figures 1.2 c & d) - During 
the past two decades, the u.s. was predominate in m~litary 
rotorcraft markets due primarily to the introduction of a~r 
mobile forces in the Vietnam War. The European market has 
rema~ned relatively steady at 200 to 400 units per year re-
flect~ng force modernization for NATO. Latin America has 
remained relatively static at a low level. Australia and 
Asia have shown a steady increase over the period, reflect~ng 
force bu~ld-up of free world countries to offset U. S. w~ th-
drawal. The most abrupt change is in the Middle East which 
occurred in two steps in 1968 and 1973. This reflects the 
creation of the United Arab Emirates forces replacing the U.K. 
forces under the Trucial States accord and also the wealth 
created by the fivefold increase in the price of oil ~n 1973. 
By the end of the forecast period, Europe and Middle East/ 
Afr~ca will be the lead~ng markets followed by the U. S. and 
Australia/Asia. 
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Figure 1. 2 (d 1). Regional military markets ($ millions). 
Task 1.3 - Free World market consumption and growth for civil 
and military rotorcraft by vehicle type: 
Piston 
Light Single Engine Turbine ( o - 10,000 #) 
L1ght Twin Engine Turbine ( 5,000 - 10,000 #) 
Medium Single Engine Turbine ( 8,000 - 15,000 #) 
Medium Twin Engine Turbine (10,000 - 25,000 #) 
Heavy Mult1 Engine Turbine (20,000 -100,000 #) 
Armed ( 3,000 - 20,000 #) 
c1vil Rotorcraft Market (Tables/Fi~res 1.3 a & b) - The light 
single engine helicopter has dom1nated the civil rotorcraft 
market from the outset, turbines taking over from pistons 
toward the end of the 1960's. It showed vigorous growth until 
the 1973/74 011 price increase. This growth resumed again in 
1979. The requirements for twin eng1ne reliability for exec-
ut1ves is reflected by the introduction of light twins in 
1971. The rapid growth of medium twins is a result of the 
explosion in offshore oil exploration and development begin-
ning in the 1970's. The medium single turbine which dominated 
the med1um market 1n the 1960's, was over taken by the medium 
twin in the 1970' s, and will drop out of production 1n 1981 
w1th the last of the Bell Model 205A-l production. Most of 
the medium tW1ns are in the resource exploration market. For 
the future, the light twin will show the greatest rate of 
growth, followed by the light single turbine, and the medium 
turbine, in that order. 
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Figure l.3(a). Civil Rotorcraft market (units). 
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Figure 1.3(b l). - Other civil rotorcraft ~arket ($ millions). 
Free World M~l~tary Rotorcraft Market (Tables/Figures 1.3 
c & d) - Betwe'en 1960 and 1968 the military market mo,'~ than 
tr1pled ~n unit sales, pr~mar~ly due to the activation of air 
mob11e un~ ts for the V~etnam War. Medl.um s~ngle turbines 
(Bell UH-l's), light single turbines (Bell OH-58's and Hughes 
OH-6's) and heavy multi turbines (Boel.ng/Vertol CH-47'~) were 
the prl.mary l.ngredients. By 1974/1975 sales had dro},:ped to 
approxl.mately 1000 units per year, the 1960/1962 level. Since 
then and unt~l 1990 sales are forecast to fluctuate hetween 
600 and 1000 units per year. 
S1nce 1970, medium turb1nes have been gradually l.ncreasing 
the1r share, tw~n turbines tak~ng over from s~ngle turbines as 
forces modernl.ze and seek a second generation helicopter more 
SU1 table for night and inclement weather fll.ght. SimJ..larly, 
the ll.ght tWl.n turb~ne is forecast to gradually takeover from 
the sl.ngle turb~nes. The high cost of heavy turbines w~ll 
keep thel.r quantl. t~es low for the forecast period. Pl.ston 
he11copters essentl.ally were phased out by 1970. 
The sharp l.ncrease l.n dollar expendl.tures in medl.um hell.cop-
ters in the mid-1980's (F~gure 1.3 (d 1» reflects the very 
hl.gh cost of the LAMPS system on the UH-60. The similar 
l.ncrease in armed helicopters (Figure 1.3(d 2» reflects the 
hl.gh cost of the AH-64. 
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Figure l.3(c 2). - Free world other military rotorcraft market (units). 
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Free world medium turbine military rotorcraft market 
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F~gure 1.3(d 2). - Free world other military rotorcraft market ($ millions). 
Task 1.4 - Documentation of market consumpt~on and growth for 
civil rotorcraft by the following mission types: 
Resource Exploration/Management 
Public Service (Fire/police/rescue/ambulance/public 
health) 
Construction 





Rotorcraft Market by Mission. (Tables/Figures 1.4 a, b, c & d). 
Resource exploration/management is a major user of helicop-
ters. Support of offshore petroleum explorat~on and develop-
ment is by far the major user, followed by onshore exploration 
and mining. 
Offshore drilling was started in the Gulf of Mexico in 1947. 
By 1948 helicopters were supporting the operation and have 
been an integral part of petroleum exploration ever since. 
Today the helicopter is widely used in international offshore 
operations, moving drilling crews, technicians, support per-
sonnel and critical equipment to and from mobile drill~ng r~gs 
and production platforms. In addition,they move construction 
crews to and from production platforms during the construction 
phase and maintenance personnel during the operating phase. 
They support pipe-lay barges, diving vessels, and relay pump-
ing platforms. In high density areas such as the North Sea 
and Mexico, they live offshore furnishing inter-rig shuttles 
from living quarters vessels to construction sites. Increas-
ingly, they are on standby for rescue operations. 
The operating oil companies, who are the customers, are moving 
farther and farther offshore, demanding longer range and 
higher speed helicopters. The oil industry has expanded so 
quickly that skills are in very high demand, putting a premium 
on safety and comfort so that the skills can be retained. In 
certain areas, notably northern Scotland, external no~se of 
the helicopter irritates the local inhabitants. 
Offshore operations, for the most part, are at sea level. 
Temperatures range from freezing in the North Sea in the 
winter to 30°C above, an International Standard Day in the 
Arab~an Gulf. Elsewhere, temperatures average 15°C above 
standard. Helicopters with surplus power are favored in the 
warmer climates and are indispensable in the Arabian Gulf. 
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The tenfold 1ncrease 1n the pr1ce of oil over the past decade 
has set off a worldwide search for oil approaching desperation 
for some countr1es. At the same t1me, the internatl.onal 
energy demand has 1ncreased from 35 million barrels per day of 
oil equivalent 1n 1935 to 60 mil110n barrels per day in 1980. 
For the future, through the year 2,000, 56 percent of the 01.1 
is forecast to come from already d1scovered but not fully 
developed sources, 35 percent from oil still to be discovered, 
and 9 percent from synthet1cs. 
The 1ntens1ty of the offshore search for oil 1S 111ustrated in 
the Gulf of Mexico. Th1S year, there are 847 helicopters (148 
med1ums) support1ng 137 mobile dril11ng r1gs, 992 multi-well 
production platforms, and 117 more under construction. There 
are well over 500 medium helicopters operating offshore world-
w1de. Steady growth 1n th1s market is foreseen. 
Onshore, some 011 and gas dr111 rigs have been des1.gnated to 
breakdown 1nto loads that can be lifted by helicopters. They 
are used extensively 1n the Rocky Mounta1ns, the Amazon Basin, 
and the 1.s1ands of Indonesia. The1r use 1S expected to 1n-
crease as exploration extends 1nto the overthrust belts of the 
Andes and the Himalayas, as 1S now occurring in the Rockies. 
In m1n1ng, he11copters are used for surveys to lift coreing 
dr111s and to move superv1sory personnel, technicians and 
crl. tl.cal equl.pment to and from the m1nes. This market is 
expected to expand with the worldwide search for coal as a 
substitute for oil. 
Helicopters are used in public service in a var1ety of ways. 
In the u. S ., they are used primarily by the Coast Guard for 
rescue and offshore security patrol, by city and state po11ce, 
and by city f1re departments. In other countries, they are 
used much more broadly and can be found in Natl.onal police 
forces and many of the ministry and agencies such as agricul-
ture, publl.c works, electrl.c comml.ssion, rural credit bank, 
land plannl.ng, commun1cat10ns, commission for popular subsis-
tence, water resources, soc1al security, commerce, attorney 
general, nuclear energy, natural resources, public health, 
governors and mayors. 
In the U. S., the public service market was only 4 unl. ts in 
1960, grow1ng to 40 by 1970, falling off sll.ghtly by 1980. 
By 1990, l.t is forecast to l.ncrease to more than 60 un1ts per 
year as demand for aer1al ambulances increases. (See Tables/ 
Fl.gures 1.4a & b). 
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The free world market, starting with the same 4 in 1960, grew 
to more than 70 by 1970, nearly 170 by 1980 and is forecast to 
approach 270 units per year by 1990 (See Tables/Figures 1.4c & 
d) . 
The mission t~ tIed "Other" incorporates a wide variety of 
sub-missions performed by helicopters, such as powerline 
patrol, pipeline patrol, media (press/television/etc.), train-
ing, surveying and mapping, and a broad category called util-
ity for those helicopter operators that provide a wide range 
of tasks with the same aircraft. It also ~ncludes those 
helicopters where the mission is unknown. 
In the U. S ., the market for this mission was about 40 units 
per year in 1960 substantially increasing in the mid-1960's 
and then returning nearly to its former level. The real 
growth occurred in the 1970's, nearly 300 units per year by 
1980, and forecast to approach 500 units per year by 1990. 
In the free world, the market in the 1960's was approximately 
120 units per year, growing to nearly 250 by 1970, approaching 
600 in 1980 and forecast to approach 1000 units by 1990. 
The mission "Forestry" includes helicopters dedicated to 
forest management, to include timber cruising, spraying and 
logging. It does not include fire fighting as that is largely 
seasonal and utilizes helicopters doing other tasks for' the 
rest of the year. 
In the U.S. during the 1960's and 1970's, the market fluc-
tuated between 3 and 14 new units per year, the need being 
filled to a large extent by used helicopters. In 1979, the 
market took a strong up turn to 23 new units and the high cost 
of forest products indicates that the market will grow to more 
than 40 units per year by 1990 as the productivity contribu-
tions of the helicopter are made known to forest managers (see 
Tables/ Figures 1.4). 
The Air Transportation Market is made up, for the most part, 
of corporate, private and air taxi owners. With the exception 
of the government subsidized programs in the U.K. (British 
Airways Helicopters routes to an offshore island and inter-
airport shuttle near London), helicopter scheduled air trans-
portation has been notably unsuccessful. Failures have occur-
red in many communities in recent years, including New York, 
Chicago, San Francisco and Los Angeles. However attempts will 
continue until a satisfactory formula is found. 
The ci viI Air Transportation Market in the U. S . has grown 
tenfold over the past two decades and ~s expected to ~ncrease 
by 66 percent by 1990. It now holds 33 percent of the total 
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commercial market 1.n the u. s. and the share 1.S expel ~ed to 
decrease sll.ghtly over the next decade. The market ha· grown 
even faster 1.n the total free world, increas1.ng thirtrenfold 
over the last two decades and forecast to nearly do.·")le by 
1990. The share of the civil market 1.S 28 percent anQ fore-
cast to remain so. The lower share in the free world as 
opposed to the u.s. reflects a larger fore1.gn civ1.1 gov~rnment 
share. 
Procurement of new helicopters for agr1.culture has been slow 
grOW1.ng in the U. S. because of the operators' practice of 
keep1.ng used helicopters. Future growth 1.S not expectec to be 
dramatic. Internat1.onally, the growth is somewhat stronger 
and forecast to continue to grow with the worldwide demand for 
1.ncreased food production. The current market of 64 un1.ts per 
year 1.S expected to double by 1990. 
Cargo dl.strl.butl.on (characterl.zed by ship-to-shore cargo 
unloadl.ng) has been a very small and sporad1.c market, only 
l.nstl.tuted to overcome harbor congestl.on encountered in ports 
such as Lagos, Nigeria and Jedda, Saudl. Arabia. In both 
l.nstances, the task was completed in a matter of months. 
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TABLE 1.4 (a). - U. S. CIVIL ROTORCRAFT lfARKET BY 11ISSION (UNITS) 
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Figure 1.4{a 1). - U. S. civil rotorcraft market by mission (units). 
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Figure 1.4(b 1). - u. s. civil rotorcraft market by mission ($ millions). 
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Figure 1. 4 (c 1). Free world civil rotorcraft market by mission (units). 
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Figure l.4(d). - Free world civil rotorcraft market by mission ($ millions) • 
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Task 1.5 A comparison of civil and military rotorcraft 
product~on and sales in the u.s. and Free World with general 
aV1ation, a1r transport, and military fixed wing vehicles for 
the period 1960 to 1990. 
Free world general aviation and air transport projections are 
based upon ICAO projections contained in "The Civil Aviation 
Market During the Next Decade." This report states that the 
u. S. share is 81.2 percent of Free World General Aviation 
product~on. 
U.S. General Aviation, Air Transport, and Military f~xed w~ng 
product10n f1gures are derived from the annual report of Aero-
space Industries Association "Aerospace Facts and Figures," 
FAA annual aviation forecasts, and the U. S. government and 
1nternational industry publications. 
In view of the 1979 backlog and the need for new fuel-eff~­
cient transport a~rcraft, these projections are very conserva-
t1ve. The est1mate is 2750 new aircraft to be sold by 1988, 
30 percent are replacements and 70 percent are for additional 
capac~ty. A more recent study by McDonnell Douglas Corpora-
tion proJects that airline passenger traffic will more than 
double by 1994, calling for 6100 new aircraft. Of the 5803 
aircraft in the passenger airline fleet at the end of 1979, 
more than 3900, or about 68 percent of the fleet are expected 
to be retired according to McDonnell Douglas. 
The M1l~ tary f~xed w~ng forecast envis~ons substant~al in-
creases in cost per unit due to higher performance and more 
sophisticated systems. 
U.S. c1v1l A1rcraft Production (Tables/Figures 1.5a & b) 
General Aviation fixed wing aircraft dominate u.s. civil air-
craft un1 t production. In 1960, with more than 7500 units 
produced, they constituted nearly 95 percent of the fixed wing 
aircraft total. Thl.S high rat~o has held ever since. By 
1966, General Aviation production had more than doubled, then 
by 1971 1t declined to its prior level. Since that time, it 
has continuously climbed to a level of approximately 20,000 
unl. ts and l.S forecast to grow to more than 30,000 by 1990. 
u.s. A1r Transport production has fluctuated widely, varY1.ng 
between 100 and 700 unl.ts per year dur1ng the 1960's and cur-
rently at 230 units per year. By 1990, ~t l.S forecast to be 
250 per year. The U. S. share of free world production 1.S 
expected to be approxl.mately 90 percent until the mid 1980's 
when introduct10n of the Boeing 757/767 series is expected to 
l.ncrease the u.s. share to 95 percent. The Air Transport pro-
)ectl.ons may be conservatl.ve gl.ven the 1979 backlog of orders, 
69 
the need for new fuel-efficient aircraft, and the prolifera-
tion of feeder airlines stemming from deregulation. 
civil rotorcraft production, doubling during the 1960' sand 
sharply increasing its rate of growth in 1979 and 1980, indi-
cates penetration of the general aviation market with the 
onset of small twin engine helicopters with an IFR capability. 
Free World Civil Aircraft Production (Tables/Figures 1.5 c & 
91 - By 1990, civil rotorcraft production is expected to ex-
ceed $3 billion per year, 17 percent of all of civil aV1ation 
production. Free world general aviation air transport and 
rotorcraft production are expected to generally parallel u.s. 
production. 
Rotorcraft is the fastest growing sector, doubling unit pro-
duction in the 1960's, more than doubling in the 1970's, and 
forecast to double again in the 1980's. They increased from 2 
percent of the civil aircraft production in 1960 to more than 
5 percent in 1970, more than 6 percent in 1980, and forecast 
to reach 7 percent by 1990. It has grown from 1 percent to 
nearly 10 percent over the last two decades in dollars ex-
pended and is expected to exceed 20 percent by 1990. 
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FiQure l.S(a). - U. S. civil aircraft production (units). 
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Figure l.5(b). - U. S. civil aircraft sales ($ millions). 
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Figure 1.5(c). - Free world civil aircraft production (units). 
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Figure l.S{d). - Free world civil aircraft sales ($ millions). 
u.s. Ml1ltary Aircraft Production (Tables/Flgures 1.5 e & f) -
U. s. mill tary aircraft production, Sllghtly over 2000 unl ts 
per year ln 1960, lncreased to nearly 5000 units per year at 
the peak of the Vletnam buildup, declined to 830 in 1979. 
Under the Reagan administration this is expected to increase 
to a level of 1200 by 1985, declining to approximately 1000 by 
1990. 
Expendltures climbed from $3.3 billl0n in 1960 to approximate-
ly $8 billion ln 1980. with increased quantities, more so-
phisticated equipment and inflation, expenditures are forecast 
to reach approxlmately $25 billion per year by 1990. 
The rotorcraft relative rate of growth in military aviatlon, 
except for the vietnam surge, has not been as impressive as 
that ln civil aviation. Rotorcraft production was approxi-
mately 25 percent of the total aircraft unit production and 3 
percent dollar expenditures in 1960, and is now 30 percent of 
total unit production and 5 percent of dollar expenditures. 
By the end of the 1980's, rotorcraft production is expected to 
lncrease to more than 40 percent of total aircraft unit pro-
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Figure l.5(e). - U. S. military aircraft production (units). 
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Figure l.5(f). - u. s. military aircraft production ($ millions). 
Free World Military Aircraft Production (Tables/Figures 1.5 
q & h) - Free world military aircraft unit production has 
stabilized over the last two decades at approximately 3000 
uni ts per year, except during the Vietnam build up. It is 
forecast to remain at this approximate level. Dollar expendi-
tures however have increased from $4.5 billion in 1960 to $36 
billion in 1979 and forecast to reach $95 b~llion in 1990. 
Rotorcraft share of the Free World military production de-
creased from a Vietnam War high of 60 percent of the un~ ts 
produced and 25 percent of the dollar expenditures to today's 
level of 25 percent of the units and 5 percent of the expendi-
tures, the approximate level prior to the Vietnam War. This 
ratio is expected to hold through 1990. 
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Figure 1.5(g). - Free world military aircraft production (units). 
TABLE 1. 5 (h). - FREE WORLD rULITARY AIRCRAFT PRODUCTION ($ IULLIONS) 
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Figure l.5(h). - Free world military aircraft production ($ millions). 
Task 1.6 - Civilian and military rotorcraft fleet size ior the 
Free World and the u.s. for the period 1960 to 1990, compared 
to fixed w1ng aircraft. 
Rotorcraft Fleet Sizes 
The Free World civil rotorcraft fleet increased tenfold dur1ng 
the period 1960-1979, while the u.S. fleet increased 12 times. 
These fleets should more than double in size during the next 
decade, with the u.S. fleet representing approximately one 
half of the total rotorcraft inventory, as it has throughout 
the reporting period (see Figure 1. 6a) . In compar1son W1 th 
f1xed w1ng fleets (see Figure 1.6b and d), the growth of the 
rotorcraft fleet shows the most dramatic increase in percent-
age, Wl. th general aviation aircraft constituting by far the 
largest fleet in numbers. The air carrier fleet has shown a 
more modest growth, and, based on FAA and ICAO forecasts, will 
contl.nue to show generally the same growth pattern, both in 
the u.S. and the Free World. The Free World general aviation 
fleet is expected to double by 1990, with the u.S. count in-
creas1ng by some 52 percent. It should be noted that commuter 
airline aircraft data are included with general aviation 
figures. 
Both the u.S. and Free World military rotorcraft fleet sizes 
were dramatically influenced by the Vietnam conflict with the 
Free World fleet growing by 35 percent and the u.S. fleet in-
creasing to a peak in 1970 with a subsequent decline to two-
and-one-half times its 1960 size by 1979 (see Figure 1.6c). 
The u.S. rotorcraft fleet is expected to rema1n fairly level 
during the next decade, with the Free World fleet showing a 23 
percent increase durl.ng the same period (see Figure 1.6e and 
f) . 
The U.S. military fixed wing fleet shows a relat1vely steady 
decll.ne through the period 1960-1979, and is expected to re-
mal.n generally at current levels through 1990. The Free World 
ml.ll.tary fixed wing fleet grew at an average rate of 1.4 per-
cent per year. Due to the increasing cost of high technology, 
the forecast is based on a modest estimate of 1 percent per 
year growth, with the fleet size increasing by a total of 11.6 






FR!;f .. PALD 
FREE WORLD ACTIVE CIVIL ROTORCRAFT FLEET (UNITS) 
HI :.TOHY 
I .. e. Col 05 bO 07 68 70 







., ... ;, .e.~l~ 
2389 
,,~Oj I 
b..!;' 1 u!):.t. todb,) 
II~~'I II~II .21uI 'U:" .. " It. I ",.20 .:a34" 
---------------------------------------------------------------------------------------------------------
UNII':U ~'A":' 
FlU': ",1l .. LO 
FOMt:CA~l 
.. e. (I, .. 2 IH b" t::a tit b I ~tI to'" "V I 
-------------------------------------------------------------
..... , .. &,,1'" 97'1.i ILt.lt. 112u:a 1 .. lcC. l.i"":. I~"I ( 1"66" 1_',(>(, I" ........ ' 






















--.---t---.---t---t---.---.---t---t---.---t---.--t---t---.---.---t---t---t---t---t---.---t---t---t---t---t---t---t---t---t-bv bl u,- b.l ... b:t 0(") bl b8 09 1\1 I) .,2 1t , .. • r. 7b 17 Ii:J I, ,," .. I -t2 "..J 84 b!a b .... 0' Q.i 09 '.Jl. 
Figure 1.6(a). Free world active civil rotorcraft fleet (units). 
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Figure 1.6(f). - Free world active military aircraft fleet (units). 
Task 1.7 - Determination of number of years to retirement for 
rotorcraft, and portions of new growth and replacement growth 
added to U.s. and Free World fleets each year for the period 
1960 through 1990. 
Market Penetration by Foreign Manufacturers - Tables 1.7(a 2) 
and 1.7(a 3) show the percent of helicopters 1n a given year 
which are still in service. It is to be noted that 94 percent 
of the civil rotorcraft operating in the United States that 
were manufactured in 1960 are still flying, while 83 percent of 
those operating in the Free World and manufactured at the same 
time are still flying. 
For U.S. military aircraft, the attrition of those manufac-
tured in the 1960's is much higher because of the Vietnam War. 
However, those manufactured in the 1970's show a lower rate 
than civil aircraft, a reflection of lower flight hours. 
These very low attrition rates are a distortion, reflecting a 
very widespread rotorcraft rebuilding acti vi ty , particularly 
in the United States and particularly with older, simpler 
models such as the Bell Model 47, the Hiller UH-12, the Hughes 
269, and the Aerospatiale Alouette I I. Obviously, many are 
completely rebuilt from the nameplate up, using nonstandard 
and military surplus parts. For example, in 1973 - the last 
year Bell built Model 47's - there were approximately 1,350 
registered with the FAA. In 1979, there were approximately 
1,625. 
Figure 1.7(a) and Tables 1.7(a) and 1.7(a 1) reflect a fore-
cast of the expected average life span of helicopters manufac-
tured in any given year, based on the attrition reflected in 
Tables 1. 7 ( a 2) and 1. 7 (a 3). An exponential formula was 
used: 
F(t) = 1 _ e - A t 
1 Solving for -X-
F(t) = Fraction destroyed by 1980 
t = Years prior to 1980 
, the mean age of destruction 
1 -1 
A = ""'in~( l=---=F::-:(~t'"":')-:-) 
As mentioned earlier, the data applied to this formula 1S dis-
torted, yielding a much too high expected average life span. 
A much more detailed and selective study would be requ1red to 
yield accurate projections. 
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Tables/Flgures 1. 7 (b & c) reflect the U. S. and Free World 
C~v~l Rotorcraft new growth and replacement growth history and 
project~ons. It ~s to be noted that attrit~on replacement has 
been negative often ~n the past. This actually is caused by 
an ~ncrease in inventory wh~ch ~n turn is caused by the intro-
duction of used hel~copters in excess of attrition. It is a 
reflect~on of the large number of surplus military hellcopters 
entering the civil lnventory together w~th helicopters "re-
bU1lt" from surplus military spare parts. 
Table 1.7 (c 2) shows the relationship between inventories, 
attri tion and the introduction of used helicopters for the 
Free World. 
It is to be noted that "negative attrition" disappears as the 
large military surpluses resulting from Vietnam are exhausted. 
Table 1.7 (d & e) reflect the U. S. and Free World military 
rotorcraft. It ~s to be noted that in both cases inventories 
decrease during the 1970's, due to reduced force levels after 
Vietnam, and that new growth in the U.S. has been nonexistent 
as new deliveries have not replaced attrition. 
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TABLE 1.7(a). EXPECTED AVERAGE LIFESPAN OF HELICOPTERS UANUFACTURED 
IN A GIVEN YEAR FREE WORLD 
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TABLE 1.7(a 2). PERCENT OF HELICOPTERS I1ANUFACTURED IN A GIVEN YEAR 
WHICH ARE STILL IN SERVICE - FREE WORLD 
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TABLE 1.7(h). - U. S. CIVIL ROTORCRAFT NEW GROliTH & REPLACE~mNT GROWTH 
-------------------------------- ----------------------------------------------------------------------------60 61 62 63 64 65 66 67 68 69 70 
-------------------------------- ----------------------------------------------------------------------------START OF YEAR INVENTORY 
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START OF YEAR INVENTORY 
ATTRITION REPLACEMENT 
NEW GROWTH 
END OF YEAR INVENTORY 
70 71 72 73 74 75 76 77 78 79 80 
2624 2790 3082 3479 4383 5132 5823 6251 6556 6883 7851 
44 -76 -133 -345 -260 -266 -24 47 65 -133 262 
166 216 264 559 489 425 404 305 327 835 625 
2790 3082 3479 4383 5132 5823 6251 6556 6883 7851 8476 
-------------.------------------ ----------------------------------------------------------------------------
-------------------------------- ----------------------------------------------------------------------------
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(See Figure 1 7(b 1) 
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F1gure 1.7(b 1). - U. S. civil rotorcraft new growth & replacement 
growth (units). 
...... ..... ! 
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TABLE 1.7(c). - FREE WORLD CIVIL ROTORCRAFT NEW GROWTH & REPLACEtlliNT GROWTH 
START OF YEAR INVENTORY 
ATTRITION REPLACEMENT 
NEW GROWTH 
END OF YEAR INVENTORY 
60 61 62 63 64 65 66 67 68 69 
1189 1411 1738 2118 2567 3049 3476 3890 4426 4991 




222 327 370 449 480 421 413 508 565 517 485 
1411 1738 2118 2567 3049 3476 3890 4426 4991 5508 5993 
----------------- ------------- ----------------------------------------------------------------------------. 
------------------------------- -.------------------------------------------------------------------.-------. 
70 71 72 73 74 75 76 77 78 79 80 
START OF YEAR INVENTORY 5508 5993 6612 7329 8567 9613 10512 11239 11917 12701 14120 
ATTRITION REPLACEMENT 
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53 -73 475 
784 1346 1224 
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------------------------------- -----------------------------------------------------------------------------
------------------------------- ------------------------------------------------.----------------------------
START OF YEAR INVENTORY 
ATTRITION REPLACEMENT 
NEW GROWTH 
END OF YEAR INVENTORY 
80 81 82 83 84 85 86 87 88 89 90 
14120 15344 16679 18072 19561 21129 22793 24520 26336 28189 30121 
475 515 559 605 653 705 759 814 872 931 994 
1224 1335 1393 1489 1568 1664 1727 1815 1853 1932 2001 
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Figure l.7(c). - Free world civil rotorcraft new growth & replacement 
growth (thousands of units). 
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TABLE 1. 7 (c 1). - FREE \"WRLD ROTORCRAFT RELATIONSHIP BET\'lEEN ATTRITION 
REPLACEl-tENT, USED UILITARY, AND ATTRITION 
ATTRITION REPLACEMENT 
PLUS USED MILITARY 
EQUALS ATTRITION 
ATTRITION REPLACEMENT 
PLUS USED MILITARY 
EQUALS ATTRITION 
60 61 62 63 64 65 66 67 68 69 70 
-60 3 -10 -2 -6 -1 -28 4 33 63 
3 16 9 17 27 31 56 38 24 30 




70 71 72 73 74 75 76 77 78 79 80 
------------------.----------------------------------.---------------------
63 -61 -92 -198 -133 -38 75 81 53 -73 NA 
30 110 129 161 263 192 93 73 143 150 NA 
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Figure 1.7(c 1). - Free world civil rotorcraft new growth and 






TABLE 1. 7 (d). - u. s. :ULITARY ROTORCRAFT NEW GROWTH & REPLACE!1ENT GROWTH 
START OF YEAR INVENTORY 
ATTRITION REPLACEMENT 
NEW GROWTH 
ENO OF YEAR INVENTORY 
-------------------------------
-------------------------------
START OF YEAR INVENTORY 
ATTRITION REPLACEMENT 
NEW GROWTH 
END OF YEAR INVENTORY 
START OF YEAR INVENTORY 
ATTRITION REPLACEMENT 
NEW GROWTH 
END OF YEAR INVENTORY 
-----------------------------------------------------------------------------
60 61 62 63 64 65 66 67 68 69 70 
-----------------------------------------------------------------------------
3740 4045 4441 5075 5993 7063 8823 10509 11637 12561 
126 203 148 180 336 422 897 1344 1004 1472 
305 396 634 918 1070 1760 1685 1128 924 408 




70 71 72 73 74 75 76 77 78 79 80 
-----------------------------------------------------------------------------
12561 12969 12416 12032 11612 11297 10760 10238 9680 9632 9499 
1472 1803 1421 1106 577 767 656 626 175 259 145 
408 -553 -384 -420 -315 -537 -522 -558 -48 -133 33 




60 81 82 83 84 85 86 87 88 89 90 
-----------------------------------------------------------------------------
9499 9532 9494 9462 9445 9469 9560 9677 9783 9869 9999 
145 145 144 144 144 145 148 147 152 152 153 
33 -38 -32 -17 24 91 117 106 86 130 18 
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Figure l.7(d). - U. S. military rotorcraft new growth & replacement 
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TABLE 1.7 (e). - FREE WORLD IULITARY ROTORCRAFT NEW GROWTH & REPLACEllENT GROWTH 
------------------------------ ------------------------------------------------------------------------------60 61 62 63 64 65 66 67 68 69 70 
------------------------------ ---------.--------------------------------------------------------------------
START OF YEAR INVENTORY 
ATTRITION REPLACEMENT 
NEW GROWTH 
END OF YEAR INVENTORY 
5739 6367 7273 8421 9738 11158 13346 15316 16971 18155 
132 
628 
242 172 241 402 544 1092 1440 1438 1649 
906 1148 1317 1420 2188 1970 1655 1184 963 
5739 6367 7273 8421 9738 11158 13346 15316 16971 18155 19118 
---------.-------------------- ------------------------------------------------------------------------------
------------------------------ ---------------------------------.--------------------------------------------
START OF YEAR INVENTORY 
ATTRITION REPLACEMENT 
NEW GROWTH 
END OF YEAR INVENTORY 
70 71 72 73 74 75 76 
18155 19118 19426 19669 19847 19760 19721 
1649 1501 1339 1185 1013 1102 892 
963 308 243 178 -87 -39 8 
77 78 79 80 









19118 19426 19669 19847 19760 19721 19729 19818 19892 20153 20512 
---------.-------------------- ------------------------------------------------------------------------------
----------------.------------- ------------------------------------------------------------------------------
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Figure l.7(e). - Free world military rotorcraft new growth & replacement 
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Figure 1.7(e 1). - Free world military rotorcraft new growth & 
replacement growth (units). 
I 
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Task 1.8 Penetration of rotorcraft markets in the u. S. , 
Europe, and the rest of the world by foreign manufacturers. 
u.s. c1vil Rotorcraft Market (Tables/Figures 1.8 a & b) -
The u.s. Civil Rotorcraft market was significantly penetrated 
by Aerospat1ale of France beg1nning in 1979 with the introduc-
t10n of the SA 350 "A Star," and the SA 365 "Twin Dauphin. II 
This new production is being countered by expanded marketing 
of the Bell 206L-l, the Hughes 5000, and the Bell 222. The SA 
355 "Twin A Star" is soon to be introduced. Given a strong 
cornm1tment to advanced technology funding and application, 
U.S.-designed products can meet the challenge of foreign mar-
ket penetrat10n and sales would be expected to grow faster 
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Figure 1.8(a). - u. s. civil rotorcraft market (units). 
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Figure 1.8(b). - u. s. civil rotorcraft market ($ millions). 
European Civil Rotorcraft Market (Tables/Figures 1.8 c & d) 
The European civil rotorcraft market was significantly af-
fected beginning in 1977 with the introduction of the SA 350 
and SA 365. The European-designed helicopters increased their 
share from 22 percent in 1976 to 40 percent in 1979. Th~s 
ratio can be expected to gradually recede to 22 percent again 
at the end of the forecast period as U.S. productiv~ty ~s re-
established and the U.S. advanced state of technology is 
accelerated and implemented. 
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TABLE 1.8(c). - EUROPEAN CIVIL ROTORCRAFT tmRKET (UNITS) 
--------------
HISTORY 
-------------------------------60 61 62 63 6. 65 66 67 68 69 70 I 
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-----------------------
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Figure I.B(c). - European civil rotorcraft narket (units). 
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Flgure 1. 8 (d) • European civil rotorcraft market ($ mlllions). 
Forelgn (Less Europe) C1Vll Rotorcraft Market (Tables/Figures 
1.8 e & f) - As 1n the u. S., the introductlon of the SA 350 
and 365 made an ln1t1al penetration of foreign (less Europe) 
C1Vll rotorcraft market. Again drawing from an accelerated 
technology data base and expanded marketing of u.s. products 





TABLE I.SCe). - FOREIGN FREE WORLD (LESS EUROPE) CIVIL ROTORCRAFT 
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Foreign free \lorld (less Europe) civil rotorcraft 
market (units). 
TABLE 1. 8 (f) • 
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Figure 1.0(f). 
YF4R 
Foreign free world (less Europe) civil rotorcraft 
market ($ millions). 
u. S. Military Rotorcraft Market erable_s.L!~_9!.!...t"E~~ __ L·.~ 9.'\.h) 
There are no European-designed helicopt.ers thaL helve b~tW JlI CI-
cured by the u.s. mil~tary, nor are there expect.ed to be uuy. 
(The Coast Guard buy of the AS 365N is considered a part of 
the civil market.) 
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TABLE 1. 8 (g). - U. S. lULITARY ROTORCRAFT llARKET (UNITS) 
--------------------------- ------HISTORY 
-------------------60 1>1 62 63 64 65 66 67 e.e 69 70 
--------------EUROPE DESIGN 0 0 0 0 0 0 0 0 0 0 
188:1 U.S. DESIGN 500 431 599 782 1098 1406 2182 2583 2472 1928 
------




70 71 72 73 74 75 76 77 7B 19 80 
EUROPE DESIGN 0 2 0 0 0 0 0 0 0 0 17~1 u.s. DESIGN 1880 1248 1037 686 202 230 134 88 127 126 
---------
------
TOTAL I4ILITARY 1880 1250 1037 686 202 230 134 88 127 126 1771 
--------------------- ------
FORECAS'J 
-------80 81 82 83 84 85 86 87 88 89 90 
EUROPE DESIGN 0 0 0 0 0 0 0 0 0 0 11'~1 U.S. DESIGN I.,., 106 110 126 178 231' 265 253 238 282 




















1 UUO * 




00 01 o. bl 64 65 00 67 68 09 70 71 72 7.l 74 75 76 77 78 79 O. 81 82 83 84 85 .. 07 _8 8~ 90 
YEAA 
Figure 1.8(g). - U. S. military rotorcraft market (units). 
TABLE 1.8 (h). - u. S. lHLITARY ROTORCRAFT l1ARKET ($ iULLIONS) 
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Figure l.8(h). - U. s. military rotorcraft market ($ millions). 
European M~l~tary Rotorcraft Market (Tables/Figures 1.8 ~ & ]) 
The European rotorcraft market, as expected with military pro-
curement, oscillates cons~derably; however, overall,it is ex-
pected to rema~n between 200 and 400 units per year. The 
European-des~gned hel~copters are expected to substantially 
~ncrease their share of th~s market dur~ng the forecast 
per~od. U.K. and German forces, us~ng home industry, will be 
a maJor factor ~n th~s gain. 
J -1 J 
TABLE 1.8 (i). - EUROPEAN lULITARY ROTORCRAFT 1-1ARJ(ET (UNITS) 
--------- ----HISTOAY 
---I 60 6. 62 63 
." 65 66 67 68 69 70 
EUROPE DESIGN I 225 ,0. 212 191 •• 55 12. 69 "0 73 2091 u.S. DESIGN '02 123 ••• 21. 176 .- 198 225 2., 206 177 
---------------
I-' TLlTAL. M.LlfAAY 1 327 227 393 .05 26. 2" 322 29. 28. 279 38.1 
~ 
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Figure 1.8(i). - European oilitary rotorcraft market (units). 
TABLE 1. 8 (j). - EUROPEAN IULITARY ROTORCRAFT UARKET ($ IIILLIONS) 
.Ut.TORY 
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Figure l.C(j). - European nilitary rotorcraft market ($ millions). 
Foreign (Less Europe) Military Rotorcraft Market (Tables/ 
Figures 1.8 k & 1) - The foreign market (less Europe) ~s 
expected to climb during the forecast period with the European 
design share increasing from 22 percent in 1979 to 40 percent 
during the forecast period. This reflects foreign governments 
increasing apprehension of being dependent upon the u.s. as a 






TABLE 1. 8 (k). - FOREIGN FREE WORLD (LESS EUROPE) rULITARY ROTORCRAFT 
HARKET (UNITS) 
HISTORY 
I 60 61 62 63 64 65 66 67 68 619 70 
EUROPE DESIGN 
1 
66 27 42 .7 50 47 54 33 8. 100 IS., 
U.S. DESIGN n 75 114 86 146 125 174 152 25. 315 192 
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------------- HISTORY 
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Figure l.8(k). 
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Foreign free world (less Europe) military rotorcraft 
market (units). 
TABLE 1. 8 (1) • FOREIGN FREE WORLD (LESS EUROPE) UILITARY ROTORCRAFT 
MARKET ($ lULLIONS) 
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Figure 1.8(1). 
Y'!.~ 
Foreign free world (less Europe) military rotorcraft 
market ($ millions). 
Task 1.9 - Government support ~n equ~valent u.s. dollars and 
percent of national budget for the maj or free world nat~ons 
~nvolved ~n helicopter research and development (U.S./France/ 
Great Brita~n/Germany/ltaly/Japan) for the period 1960 through 
1990. The value and ~mpact of government support and consort-
lum agreements on rotorcraft growth/products will be dis-
cussed. 
Government Support of Rotorcraft R&D - The historical and fore-
cast data for u.S. government support of hellcopter research 
and development has been readily provided and is reflected in 
Tables/Flgures 1.9(a) through 1.9(d). 
Desplte extensive searches and inquiries for funding data from 
var~ous worldwide governments, institutional and private or-
ganlzatlons, publlcations, and individuals, we have not been 
able to obtain meaningful data on foreign government expend1-
tures except from France for the period 1970 through 1975. 
Aerospatiale has also estimated the total European government 
~nvestment in helicopter research and development for the 
perl0d 1970 through 1975. 
No breakdown has been given for either France or for Europe as 
a whole between civil and milltary research and development, 
nor is it believed meaningful. In the United Kingdom, France, 
and Italy, the rotorcraft industry has been nationalized, and 
in the case of Germany, heavily subsidized through sole source 
procurement. In all European countries, because the individ-
ual natlonal requirement will not support development of a 
speclalized aircraft, the end products are tailored to meet 
mul tinational requirements for both civil and military air-
craft. 
In fact, the research and development figures that were sup-
plied by Aerospatlale for France and est1mated for Europe are 
suspect. The industries are heavily subsidized and the differ-
ence between government funded research and development and 
that funded by industry is virtually indistingu1shable. 
For the purpose of the Tables/Flgures 1.9 (a) through 1.9 (d) , 
the French research and development funds have been subtracted 
from the European estlmate, leaving the U.K., French, and 
Itallan 1ndustry rolled together. In both cases, the total 
funds have been arbitrarily divided SO/50 between civ1l and 
ml11tary. 
Indlcations are that the Japanese government has not, up to 
the present tlme, supplled any identiflable research and 
development funds to hellcopter manufacturers. Funds that may 
have been supplled to natl0nal organlzatlons such as the 
Natl0nal Research Instltute are of unknown nature but are not 
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believed significant. It is reported that the Japan Develop-
ment Bank has financed a manufacturer for the development of a 
helicopter -- presumably Kawasaki for the BK-117 -- but con-
firmation of this is lacking. 
It is to be noted from Tables and Figure 1.9(c) that military 
research and development government funding took a substantial 
jump in the mid-1960's of about six-fold, then steadily in-
creased until the end of the 1970's. Current projections 
indicate that the support will falloff rapidly in the early 
1980's, then resume an upward trend. The u.s. civil govern-
ment funding (Table and Figure 1.9(a» prior to the mid-1960's 
averaged approximately one-tenth of the military funding. It 
began to increase slightly in the late sixties and reached a 
peak of about 38 million dollars in the mid-Seventies, as a 
resul t of 2 programs; the Rotor Systems Research Aircraft 
(RSRA) and the Tilt Rotor Research Aircraft (TRRA). In the 
late 1970's, the NASA Advanced Rotorcraft Technology Task 
Force Report recommended the augmentation of the civil rotor-
craft funding as shown in Figure 1 . 9 ( a) . To date, only a 
fraction of this program has been approved. As Figures 1.9(b) 
and 1.9(d) indicate, both civil and military rotorcraft fund-
ing are losing ground compared with the National budget 
growth. (See also amended figures that are attached.) 
Information on European funding is too sparse to project. 
However, the information available over the relatively short 
five-year period (1970/1975) indicates that it is relatively 
level and of a magnitude of approximately one-tenth that of 
the combined u.s. civil and military funding. 
Government support of the helicopter industry has always been 
a major factor in its growth, both in Europe and the United 
States, taking the form of subsidies and military development 
and production contracts. 
Unlike the European industry where products are tailored to 
meet multinational requirements, the U. S . industry tailors 
products to more specific requirements. For example, the UH-I 
was tailored to an infantry squad, the AS-l was tailored to 
the armed attack role, and the CH-47 was tailored to the 
battlefield support role. Until recently, U. S . commercial 
helicopters larger than the three-passenger S1ze have been 
close derivatives of military helicopters. The recently 
introduced Sikorsky S-76 was an exception, being tailored to 
the offshore petroleum support role. The Bell 222 is another 
exception, being tailored to the corporate market. Both the 
S-76 and the Bell 222 are company developed and are produced 
without subsidy or a base military production contract. They 
are the only helicopters (other than 1-3 passenger) in world-
wide production without government support. 
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There are only three hel1copter programs in the free world 
based upon consortium agreements (as opposed to License Agree-
ments). The Aerospat1ale/Westland consort1um initial produc-
t10n of the SA 341 Gazelle, SA 330 Puma and WG-13 Lynx for the 
u. K. and France has been virtually completed. All three 
models have enjoyed good third country sales. The only other 
consort1ums (as opposed to one-way license agreements) are the 
MBB/Kawasak1 BK 117 and the Westland/Agusta EH-10l. Neither 
of these are far enough advanced to assess their impact on 
rotorcraft growth/products. 
Inherent 1n the consort1um approach 1S compromise as to per-
formance cr1ter1a, and inertia of governments in solving prob-
lems of division of work, financing, and government paper 
work. For these reasons, to date no multinational (as opposed 
to b1national) consortium for rotorcraft design and production 
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Figure l.9(a). - Research & development funds invested for civil 
rotorcraft ($ millions). 
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Figure 1.9(c 1). - Research & development funds invested for 
military rotorcraft ($ millions) • 
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TABLE 1.9(d). - PERCENT OF NATIONAL BUDGET INVESTED FOR t1ILITARY ROTORCRAFT 
--------------------------------------------------------------------------------------------------------------
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Figure 1.9(d). - Percent of national budget invested for 
military rotorcraft. 
Task 1.10 - Key lonfluences on helicopter growth/markets such 
as nOlose regulatloon, government support, pilot shortages, etc. 
Key Influences on Helicopter Growth Rotorcraft have hlogh 
dlorect operating costs; therefore, they are efficient in trans-
portation scenarios where the total transportation cost is 
lomportant or where other means are inadequate or nonexistent. 
These scenarios lonclude mountainous terrain, jungles and forests, 
swamps, river crossings, turbulent seas, and congested popula-
tion centers. They are used in these areas of construction 
where other means are too costly in time or money. Their use 
loS drlo ven by political, economic, and social demands. The 
overriding factor drloving political and economic demands is the 
need for energy, or a resource to trade for energy, and the 
need to protect it. The overriding factor satisfying social 
demands is the wealth derived from energy or a resource that 
may be traded for energy. (See Enclosure I). wi thin these 
broad parameters, there are many lesser, more specific influ-
ences that wloll also affect helicopter markets. 
The Noise Control Act of 1972 established the Congressloonal 
mandate "to promote an envloronment for all Americans free from 
noise that jeopardizes thelor health and welfare." To that 
end, the FAA was assigned the responsibility for the control 
of aircraft noise after consul tation with the Secretary of 
Transportation and Wloth the EPA. The FAA Hell.copter Noise 
Po11cy, as proposed, will have a profound effect on the heli-
copter market and its growth. As wrl.tten, this policy will 
seriously jeopardize aircraft currently being developed for 
certification, sl.gnl.ficantly adding to the already high de-
velopment costs. Addi tional penal ties can be expected in 
terms of payload, speed, and fuel consumption. Since some 60 
percent of U.S. populatl.on is destined for overseas markets, 
forelogn competitors Wl.ll have an insurmountable advantage. 
Further, for all intents and purposes, the u.S. market will be 
closed to foreign manufacturers. 
The heart of thlos problem lies in the fact that although heli-
copter nOlose levels are lower than fixed wing, the helicopter 
l.ndustry is asked to respond more quickly. The fixed wing 
londustry was better prepared at the time the regulatloon was 
lossued l.n that turbo fan technology had been demonstrated, 
maj or NASA nOlose contracts were underway, and the busl.ness 
base was 17 times greater. The FAA NOl.se Policy recommenda-
tl.ons call for l.mplementation, wl.th exemptl.ons and tolerances, 
based on fl.xed Wl.ng precedence. The hell.copter industry 
ma1nta1ns that there l.S need for an Economl.cal Reasonableness 
and Technologl.cal Practl.cability (ERTP) study, whl.ch must be 
based on complete and valid measurement of all helicopters 
affected, and economl.C analysis that uses results from a 
complete data base. 
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In the final analysis, community acceptance will probably be 
the ultimate judge of acceptable helicopter noise levels. 
Experience has shown that when helicopter operations are 
initiated in a community, people tend to object not to the 
noise level, but to the noise signature peculiar to the heli-
copter. Acceptance, however, comes about relatively quickly. 
A case in po~nt is Aberdeen, Scotland, where citizens initi-
ally complained about the "flop-flop" sounds of the two-bladed 
rotors when operations started. Today, noise complaints are 
minimal, and helicopter traffic is an accepted routine of 
life. 
In order to realistically consider the types of advanced heli-
copters envisioned in Task 2, extraordinary development ex-
penditures will be required. Historically, the military 
established design and performance criteria, fully recognizing 
that nonrecurring development costs (NRDC) would be paid for 
as part of the contract price. In today's climate, the civil 
user is establishing criteria, but so far is apparently un-
willing or unable to absorb the NRDC in the helicopter price. 
In looking to the future, NRDC can be expected to escalate as 
new criteria are established, and manufacturers will be hard 
pressed to expend such funds and remain in a profitable pos-
ture. Government assistance is urgently needed in this area, 
in the form of tax incentives for new technology development 
and in accelerated sponsored research and development pro-
grams. Lack of such assistance, or the absence of major mili-
tary procurements involving new design, will serve as a retar-
dant to the application of advanced technology. 
Private training for the prospective helicopter pilot is quite 
expensive. After incurring this high expense, the new heli-
copter pilot finds that he is unable to profitably use his new 
skills because insurance rates for pilots with less than 1000 
hours of rotary wing time are so prohibi ti vely high as to 
render him unemployable. 
The demand for pilots and mechanics will increase dramatically 
by 1990 as indicated by the forecast contained in this report. 
As demand for trained personnel increases and the supply 
decreases, solutions to this dilemma must be found. Govern-
ment assistance may be required, not only in the U. s., but 
throughout the free world. Requiring mechanic licenses to 
reflect helicopter versus fixed wing qualification might well 
serve to improve mechanic quality, provide incentives for 
schools to provide appropriate training, and add a measure of 
prestige to the status of the mechanic. Obstacles to employ-
ment of the new pilot will have to be removed, provid~ng 
incent1ve for people to obtain helicopter flight training. 
Insurance companies will have to be convinced of the safety of 
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the new p1lot. This will probably involve improved training 
techniques, s1mpler helicopter operation, and improved heli-
copter reliability. 
The most unique feature of a helicopter is the lack of need 
for a long runway. This leads to an obvious market of down-
town-to-downtown or downtown-to-airport passenger movement, 
yet this is v1rtually untapped with the possible exception of 
the government subsidized efforts of British Airways. Some of 
the reasons for th1s include lack of downtown heliports, lack 
of public acceptance, and high direct operating costs. 
Pub11c he11port planning and funding badly lags behind pro-
Jected helicopter fleet increases. Government action 1S 
requ1red 1mmediately in the U. S. at both the national and 
local level, and to a relative degree, throughout the popula-
t10n centers of the free world. 
The wide pUblicity frequently given to a serious hel1copter 
acc1dent has served to shake public confidence in the helicop-
ter as a means of passenger transportation. As re11ability 
improves, a corresponding decrease in accident rates occurs. 
A good deal of favorable public1ty will be needed to gain the 
confidence of the general public. 
Several entrepreneurs have attempted scheduled helicopter 
operations l.n the U. S., but have failed for a variety of 
reasons, not the least of which was marginal profi tabili ty. 
S1gnl.fl.cant improvement l.n fuel consumption, l.nsurance rates, 
and maintenance costs will be required if profitability l.S to 
be assured. 
u.S. hell.copter manufacturers face formidable competition from 
foreign manufacturers who rece1 ve financial aid from their 
governments. Thl.S aid may be in the form of subsidies, low 
cost loans to the manufacturer, or low interest financing to 
the customer. Generally, u.S. manufacturers have been able to 
compete successfully by offering superior post-sale support, 
but fore1gn manufacturers are taking actions to improve the1r 
customer support serv1ces, and might enjoy a competitive 
parl. ty l.n the near future. In recent years, the advantages 
held by foreign competition have been offset to some degree by 
the devalued dollar on the 1nternational exchange. This 
cond1tl.on 1S due to be reversed. If the u.S. is to ma1nta1n 
world leadersh1p in the hel1copter industry, solutions to the 
h1gh cost of financing w1ll be required. 
A reV1ew of react10ns from abroad concerning the results of 
the recent u.s. elect10ns reveals that there 1S a great deal 
of hope that the U.S. government wl.ll provide more ass1stance 
1n support1ng the sale of u.s. products internationally. Th1S 
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hoped-for support is not only in the form of direct offsets 
and better financing, but also through active support by 
foreign service personnel in promoting U. S . products abroad 
with the goal of resuming the role of world leadership. 
The rising cost of fuel does not appear to have a d~rect cor-
relation with aviation sales, except as it affects the general 
economy in a recessionary period. The need for more fuel-ef-
ficient engines has emerged, as has an increased market for 
helicopters in energy discovery and production, part~cularly 
in the offshore oil business. In a larger sense, however, it 
is generally accepted that, on a world wide basis, the con-
sumption of petroleum exceeds the rate of discovery of addi-
tional resources. At some point in time, these two lines will 
cross, creating a petroleum shortage that will have a dramatic 
impact on the aviation industry. It may be expected that as 
individual countries begin to recognize an inability to obtain 
oil, there will be increased activity in oil exploration, 
possibly resulting in an increase of helicopter activity at 
that time. Eventually, however, different fuels will have to 
be developed, or a different type of power plant invented for 
aircraft. The most promising prospect is probably in the area 
of synthetic fuels, but this development program will require 
time, money, and high priority if it is to be realized in the 
near term. 
The u.s. is the world leader in the certification process for 
new aircraft. This has and continues to promote consumer 
confidence in the product, and serves to enhance safety and 
reliability. It is, however, an increasingly expensive pro-
cess, and these costs must be amortized in the sales price of 
the aircraft. Foreign helicopter manufacturers generally face 
less stringent certification requirements, thus serving to 
reduce development costs. This current competitive advantage 
may eventually disappear as consumers throughout the world 
demand the assurances provided by strict certification stand-
ards. 
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Task 1.11 - A rev~ew of the relat~ve strengths and weaknesses 
of u.s. hel~copter technology relative to non-U.S. technology. 
Strengths and Weaknesses of U. s. Helicopter Technology - Much 
of the d~scussion herein is based upon selected sect10ns of the 
"Vert~cal L~ft Technology Rev~ew F1nal Report" prepared for the 
Ass~stant Secretary of the Army for Research, Development, and 
Acqu~s~tion. The report was prepared 26 June 1980 with active 
part1c1pation of both government and industry. Bell Helicopter 
Textron made substant~al contribut~ons to this report. 
Th~s reV1ew addresses aeromechan~cs, propulsion, airframe and 
rotor structures, reliab1lity/availability/maintainability, 
crashworthiness, electronics, and configuration. 
A thorough understanding of aeromechanics is the keystone to 
rotorcraft technology. The dynamic interaction of rotor flow 
w~ th a1rframe structure through a wide spectrum of velocity 
and angles of attack 1S very complex and ill defined. The 
U.S. 1ndustry technology base 1n rotorcraft aeromechanics is 
much broader and deeper than that of foreign industry. How-
ever, foreign industry, heavily supported, financed (and in 
some 1nstances owned) by their governments, has the ability to 
ass1m1late technology and more quickly convert it into hard-
ware. The united states can ma1ntain its lead in aeromechan-
1CS prov1ded J01nt industry/government efforts are created to 
focus on methods for predicting fuselage vibration and oscil-
latory structural loads and the interaction of fuselage and 
main and tail rotors with the ground at low al ti tudes and 
flight speeds. Continued attention must be paid to advanced 
f11ght control work to include fiber optics. The French are 
pursuing the U.s. closely in the area of reduced rotor dynamic 
loads and a~rcraft v1brat~on. If these avenues to improved 
understanding of aeromechan1cs are pursued, a 25 percent 1rn-
provement in hovering payload should be achievable and is 
necessary to stay in advance of foreign 1ndustry. 
Progress ~n eng~ne development offers one of the larger poten-
t1als for improvement in propUlsion -- not only in fuel con-
sumpt10n, payload, re11ability and maintainability but 
part1cularly 1n performance. Development should cont1nue in 
the 300/400 HP range, the 800 HP range, the 4,000/5,000 HP 
range and the 8,000 HP range. Not only should higher pressure 
rat10s and shaft speeds be pursued, but emphasis should be 
g~ven to fuel economy through such devices as regeneration, 
var1able geometry for partial power operat10n, and alternate 
fuels. U.S. eng1ne technology ~s cons~dered to be generally 
super10r to that of fore1gn industry; however, the French 
Turbomeca Arr1el and Mak11a eng1nes and the Engl1sh Rolls 
Royce Gem IV are considered to be very competitive. The 
RUSS1ans also emphas~ze eng1ne growth rather than airframe 
sOph1st1cat~on. 
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wi th the possible exception of very heavy lift helicopters, 
the mechanical gear-driven transmission will remain unchal-
lenged as the best means of transferring power from the engine 
to the rotor. U.S. technology is clearly well ahead of for-
eign competition, particularly in gear grinding for reduced 
friction. The u.s. also leads in lighter weight per stage per 
horsepower and special features such as fly-dry. With higher 
engine-shaft speeds, research must be continued w1th addition-
al emphasis on reliability and diagnostic systems. Weight 
reductions of 15 to 20 percent appear achievable over the next 
5 to 10 years. 
Advanced composites and related manufacturing processes offer 
the best opportunity to improve teclmology of airframes and 
rotors. They can yield weight savings, improved airfoils, and 
elimination of catastrophic failure inherent in monolithic 
metallic primary structures. Application of composites to 
secondary structures is rapidly advancing with Europe and the 
U.S. technology roughly equal and the soviet Union lagging. 
Application of composites to primary airframe structure 1S 
developing slowly because of the unavailability of failure 
criteria for areas with complex loading, uncertain production 
costs, undeveloped inspection techniques and lack of experi-
enced design personnel. Europe is leading in application of 
composites to rotor head design and initially took the lead in 
composite rotor blade design. The U.S. has now forged ahead 
in rotor blade technology through mechanized manufacturing 
methods involving fiber spinning with variable geometry. 
The U.S. clearly leads in the technology of aircraft reliabil-
ity and maintainability across the broad spectrum of helicop-
ters . However, the French are making a maj or thrust wi th 
their latest models. Emphasis should be placed on application 
of microelectronics to diagnostics and system monitoring. 
U.S. industry and government clearly lead the world in crash-
worthiness teclmology, and the U.S. military standards are the 
basis for worldwide standards. 
Considerable advances have been made in microelectronics and 
digital techniques, which have made avionic equipment lighter, 
more flexible and more reliable -- particularly in the area of 
digi tal integration and multiplexing. The U. S . has a clear 
lead in this technology and through concerted research ef-
forts additional maj or advancements can be expected in the 
near future. 
Advances in sensor technology are leading to improved night 
and all-weather operations, taking the form of Forward Look1ng 
Infrared (FLIR) , millimeter wave radar, and carbon dioxide 
laser developments. Hybrid mult1spectral sensor presentations 
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show great prom~se for ~mproved cockp~ t dlsplay of terraln, 
fl~ght obstructl0ns, and other aircraft 
operatlons and operations in term1nal areas. 
to be leadlng ln sensor technology. 
for both enroute 
The u.s. appears 
Studles show that a concentrated coordlnated effort on all 
rotorcraft technology fronts could, over the next decade, 
provlde a comb1nJ.ng effect of reduc1ng welghts by up to 30 
percent and fuel required by up to 40 percent, a step forward 
comparable to J.ntroductlon of the gas turbine. 
Departlng from the concept of a pure rotorcraft, there are 
several areas that should be pursued. For m1ssions requ1ring 
hover efflcJ.ency and dash speeds up to 200/250 knots, the 
advancing blade concept is most attractive. For high-speed, 
long-range crU1se (250/400 knots), the t1lt rotor offers an 
excellent solutl0n, because of its inherent excellent hJ.gh-
speed IJ.ft-to-drag ratio. The t11 t rotor also provJ.des an 
alternatJ.ve w1th good low-speed characteristics. The u.s. has 
a clear lead J.n these technolog1es. 
Task 1.12 - Other tasks deemed of value 1n obtaJ.n1ng a good 
understandJ.ng of rotorcraft markets. This study is considered 
to be qUJ.te comprehensive; therefore, no add1t1onal tasks are 
offered at this t1me. 
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TASK 2 
A civil market forecast study to ind~cate sens~tivity to new 
technology for the period 1960 through the year 2000 -- Fore-
cast rationale to include the following prem~ses: 
A model life of a vehicle shall be 15 years or less. 
There will be continued emphasis on a~rcraft no~se stand-
ards. 
Fuel consumption costs, increased rates will be pro-
jected. 
The GNP will expand at a moderate-to-good rate annually 
of 4 percent in constant dollars. 
Air traffic in terms of passengers will grow at 6 percent 
per year but no new major conventional airport facilit~es 
will be constructed. 
Worldwide civil helicopter forecasts will be made, based on 
the following technology capability scenarios: 
Establish a forecast baseline case assuming present tech-
nology as represented by the B-222, 5-76, BV 234, H-500, 
etc. 
By 1985, there will be a 15 percent improvement in speed, 
range, payload, quietness, reduced vibrat~on, and DOC 
over the best of the present technology. 
By 1990, there will be an operational 22s-passenger 
rotorcraft having a cruise speed of 180 knots, a range of 
600 NM and a $0.04 DOC/Seat/Mile. 
By 1990, there will be an operational heavy-lift rotor-
craft having an external lift capability of 35 tons, an 
external lift cruise speed of 100 knots, an internal 
cruise payload of 30 tons, an internal load cruise speed 
of 180 knots, an internal load cruise range of 600 NM and 
a DOC of $0.40/ton miles, cruise or lifting. 
By 1990, there will be an operational 50-passenger rotor-
craft having a cruise speed of 300 knots, a range of 80 
NM, and a DOC of $.04/seat/mile. 
By 1995, there will be an operat~onal ISO-passenger 
rotorcraft having a cruise speed of 3S0 knots, a range of 
800 NM, and a DOC of $.04/seat/mile. 
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The prlce of fuel lS one of the drlving forces that wl11 
determlne the future of CiVl1 aVlatl0n. The world prlce of 
crude 011 lncreased flvefold between 1973 and 1975 and agaln 
doubled In 1979 for a tenfold lncrease durlng the decade. The 
Wharton EconomlC Forecastlng Assoclates proJect an lncrease of 
225 percent between 1980 and 1992, an annual increase of 
Sllghtly more than 10 percent. In view of the history of the 
1970' s, the fact that there lS a pending shortfall of world 
supply aggravated by the dl.sruption and destruction in Iran 
and Iraq, and the penchant of OPEC to charge whatever the 
trafflc wl11 bear, the Wharton forecast appears to be ultra 
conservatl. ve. This study uses an average annual price In-
crease of petroleum of 15 percent and an inflation factor of 8 
percent. 
The lmpact of the fuel prl.ce l.ncreases is certain to cause the 
alrcraft operators to seek more fuel efficient aircraft. The 
most ll.kely trend w1ll be a return to turboprop aircraft as 
soon as new designs can be put into service. 
Because of reduced speed the turboprop will be used mostly 1n 
medl.um and shorter stages including inter-c1ty flights of less 
than 800 naut1cal miles, for airline and commuter flights. 
A recent proj ection by McDonnell Douglas Corp. foresees a 
world wide requl.rement for 6100 new passenger aircraft by 1995 
at an lnvestment of $186 billion in constant 1980 dollars. 
Sl.xty-three percent of this investment ($117 billion) is ex-
pected to be for short and medium range aircraft. The short 
range portion of this expenditure will be the target of the 
next generatl.on of rotorcraft reflected l.n the above scen-
arlOUS. 
The market potential for rotorcraft in this role l.S high; 
however, there are major impedl.ments to the development of 
rotorcraft as a maJor means of transportation. Fl.rst and 
foremost is publl.c acceptance. After several major attempts 
(1n New York, Los Angeles, Chicago, San Francl.sco), and many 
mlnor attempts, the only successful scheduled rotorcraft 
operatl.ons are between the two major airports l.n London 
(Heathrow & Gatwick), the operation to the Scilly Islands in 
the Unl. ted Kingdom, both of whl.ch are heavlly subsidized by 
the government, and the recent restart of operations in and 
around New York. 
By far, the largest potentlal of high volume, heliport/airport 
or hellport/hellport operatl0ns is ci ty-center-to-airport or 
clty-center-to-nearby-city-center. There are approxl.mately 
100 cltles worldw1de Wl.th populatl.ons of over one-half milllon 
WhlCh have good potent1al for thl.S type of operatl.on, 30 belng 
In the Unlted States. Each city center would serve as a hub 
of operatl0ns to local al.rports and/or nearby cities. 
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Primary impediments to development of downtown commerc~al 
heliports are public apprehension of noise and accidents. The 
noise problem will have to be alleviated by advances in tech-
nology. Accident apprehension will have to be solved by route 
patterns away from congested living areas, such as along 
waterways, automobile freeways, and parkways. 
Another major impediment is today's very high cost of br~nging 
a new rotorcraft design to production, normally an e~ght year 
cycle. The design, development, long lead t~me procurement 
tooling, and certification, require an investment measurable 
in hundreds of millions of dollars at very high interest 
rates. These costs must be amortized over the f~rst several 
years of production unless partially funded by a mil~ tary 
procurement. 
A third impediment inherent to the route structure of rotor-
craft operating from city centers is the competition offered 
by mass transportation (trains/subways/busses). It is to be 
noted that 80 percent of air travel in the eastern portion of 
the U. S. and 60 percent in the western portion is bus~ness 
travel where the time saved in air transportation is measur-
able in money, as opposed to recreational travel where it is a 
convenience. 
The high cost (initial and operating) of conventional rotor-
craft relative to fixed wing, generally limits their appli-
cation to activities with one of the two flight terminals as 
heliports, rather than conventional airports. Therefore, the 
most practical application is city-center-to-airport, and 
city-center-to-nearby-city-center. The high dash speed of the 
advancing blade rotorcraft will find this an attractive poten-
tial market. 
The longer stage ci ty-center-to-ci ty-center , and feeder air-
line market will be a highly attractive market for the t~lt 
rotor convertiplane. The tilt rotor aircraft will be direc-
tly competitive with the turbo prop in performance, and have 
the added flexibility of being able to operate to and from 
heliports. Where heliports are required (downtown-to-downtown 
or offshore) the tilt rotor concept offers an order of magni-
tude of twice the speed, twice the range, and one-half of the 
fuel consumption of a conventional rotorcraft. 
Task 1.11 discusses in detail technical improvements that can 
be expected to be made. It points out that a coordinated 
joint government and industry concentrated effort can y~eld a 
30 percent reduction in rotorcraft airframe weights and a 40 
percent reduction in fuel required. Dramatic ~mprovements of 
this magnitude will put rotorcraft squarely in commuter, 
city-center-to-city-center, and city-center-to-a~rport trans-
portat~on market. 
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If the advanc1ng blade rotorcraft and the tilt rotor convert1-
plane a1rcraft are comb1ned W1 th a coordl.nated concentrated 
JOInt goverrunent and l.ndustry technl.cal l.mprovement effort, 
they w111 make a deep penetratl.on of the short and medl.um 
stage a1r carr1er al.rcraft market and to some extent penetrate 
the bus and tra1n 1nter-ci ty market. Thl.S l.S part1cularly 
s1gn1f1cant to the U. S. al.rcraft industry l.n that the U. S. 
enJoys strong leadershl.p l.n both the advancing blade and t11t 
rotor technology. 
Another expandl.ng market l.n which U. S. l.ndustry has led l.S 
transportat1on from al.rports to remote areas such as offshore 
petroleum platforms. Offshore petroleum operatl.ons already 
employ more than 1000 rotorcraft. Manpower workl.ng offshore 
have already reached h1gh density in the United Kl.ngdom, 
Norway and hl.gh densl.ty soon will be reached in MeX1CO. (In 
the Un1ted states Gulf of Mexico area, the totals of manpower 
workl.ng offshore are hl.gh but not as locally concentrated as 
In the North Sea or expected for the Campos area of Mexico's 
eastern offshore area.) A 44-passenger he11copter, the Boe-
1ng/Vertol Model 234, has been procured by Br1 tl.sh Airways 
He11copters to 1ni tl.ate transportation to some of these high 
concentratl.on areas (Shell Brent System - 3000 men). 
Aerospatiale, of France, 
government sponsorshl.p, 
market substant1ally. 
combining advanced technology and 
l.S now penetrating thl.S offshore 
The follow1ng d1scussions, tables and figures address the Sl.X 
technology l.mprovements outll.ned in Task 2. To make twenty-
year pro) ectl.ons 1n units and dollars I certain assumptions 
were necessary. These are: 
a. 1981 empty weight pricl.ng of rotorcraft is approxl.-
mately $400 per pound. This value, at 1981 pricl.ng, 
w111 hold through the year 2000. 
b. The 8 percent per annum inflatl.on used for the 
prO)ect10ns of Task 1 wl.ll contl.nue through the year 
2000. 
c. The m1X of Sl.zes of hel1copters wl.ll be constant 
between the years 1990 and 2000 for baseline plus 15 
percent 1mprovement in technology hell.copters. 
d. Technology advances wl.ll Yl.eld 50 percent useful 
load (crew/fuel/passengers/etc) and des1gn w111 
cont1nue to require approximately 1000 pounds of 
gross we1ght per passenger for ranges between 300 
and 600 naut1cal ml.les. Therefore, the follow1ng 
empty we1ghts for new Task 2 rotorcraft have been 
estl.mated: 
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Large Transport (225 passenger) 112,500 pounds 
Heavy Lift ( 30 tons) 30,000 pounds 
High Speed Medium ( 50 passenger) 25,000 pounds 
High Speed Large (150 passenger) 75,000 pounds 
Table 10(a/b) and Figures 10(a) and lOeb) provide an overview 
of the sensitivity of the free world civil rotorcraft market 
to new technology in units. Table 10 (e) and Fl.gure 10 (e) 
provide the same information converted to dollars. 
Forecast of the Commercial Rotorcraft Delivery Base Ll.ne Assum-
ing Present Technology 
The present growth of helicopters and their penetration of the 
transportation market, both surface and al.r, is a dl.rect 
result of their improved safety and efficiency made possible 
by rapidly advancing technology described in Task 1.11. Task 
1.7 points out that attrition in commercial fleets is very 
low. 
Without constant improvement in technology of rotorcraft, as 
can be expected in other modes of transportation, a base line 
of market penetration can be expected to stagnate by the early 
1990' s and in fact enter a decline as the year 2000 ap-
proaches. 
The recent advances in technology made by the European rotor-
craft industry are reflected in the substantial decrease in 
the U. S. share of the free world market beginning in 1980. 
Table 10(c) and Figure 10(c) project the U.S. base ll.ne and 
the free world base line in units assuming no improvement l.n 
existing technology. Technological improvements in surface 
transportation and fixed wing aircraft soon check the l.nroads 
rotorcraft have been making in transportation and reverse the 
trend. Table 10(f) and Figure 10(f) show similar informatl.on 
in dollars. 
Sales of a heavy lift (35-ton) rotorcraft will exceed medium 
lift sales in gross dollars but will take a long perl.od of 
hard selling and demonstrations to prove the cost effecti ve-
ness requires very large R&D effort to develop technology of 
the system. Sales are expected to build to 24 unl.ts per year 
over a 5-year period. 
Forecast of the Sale of a High Speed Medium Rotorcraft by 1990 
This rotorcraft is pointed at the commuter airline market, 
servl.ng the small outlying areas from major populatlon centers. 
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Wlth alr1lne deregu1at10n, many of the commun1tles, prevlously 
served by short to med1um haul transport a1rcraft, are belng 
or wl11 soon be servlced by commuter alrllnes. 
For rotorcraft to compete substantlally 1n thls market, they 
wl1l of neceSS1 ty be of the advanc1ng blade or tilt rotor 
configurat1on d1scussed 1n Task 1.11. They also must have 
clty-center fac111ties and be accepted by the commun1ty. 
If 1mped1ments can be overcome, rotorcraft should be able to 
se1ze 25 percent of this market from the fixed w1ng alrcraft. 
A ]Olnt venture between Aer1talla and Aerospat1ale estl.mates 
th1s market to be between 2500 and 3000 alrcraft between 1985 
and the year 2000 (see AVl.atlon Week 15 September 1980). Thl.s 
would mean the sale of 50 un1ts per year. 
Another market for th1S hel1copter 1S offshore resources ex-
p1orat1on and development. Approx1mately 40 medium hel1cop-
ters per year are now sold 1nto this market with very rap1d 
growth expected. The long range high speed t11t rotor should 
se1ze a good port1on of th1S market as explorat1on pushes 
further and further offshore. Sales are expected to reach a 
level of 25 unlts per year by 1995. 
Forecast of the Sale of Large, H1gh Speed, Long Range Rotor-
craft. 
Th1S rotorcraft 1S p01nted at the short and medl.um haul trans-
port market. To compete substantl.ally, 1 t must have the 
capab111t1es and cost effect1veness of a t1lt rotor. 
By the m1d-1980's, substant1al numbers of the eX1st1ng fleet 
of 3500 alrcraft w111 be more than 20 years old and need 
replacement (see Fl1ght Internat10nal 30 August 1980). As 
prev10usly stated, McDonnell Douglas foresees a market for 
approxlmately 4000 units by 1995. The h1gh cost of fuel 1S 
expected to force a good port10n of thl.S market back to turbo-
props. The tl.lt rotor should be able to achl.eve a sales level 
of 50 un1ts per year by the end of the forecast per10d. 
Tables & F1gures 10(d) in un1ts and 10(g) 1n dollars show the 
u.s. base11ne rotorcraft market share of the total free world 
totorcraft market w1th advanced technology and the development 
of new 11ne of large, h1gh speed and heavy 11ft hel1copters. 
It 1S certaln that fore1gn l.ndustry and governments w111 
contlnue lncreaslng 1nvestment in technology and rotorcraft 
development. If the u.s. does not also vl.gorously pursue th1s 
course, our current (1980) share can be expected to drop from 
74% 1n un1 ts and 69% 1n dollars to 29% in un1 ts and 13% 1n 
dollars by the year 2000. 
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Technology Needs 
The preceding sections have presented forecasts of markets 
available to rotorcraft and have l.dentifl.ed crl. tical l.ssues 
regardl.ng the technology upon which these forecasts are based. 
Foremost is the issue of rotorcraft no~se reduct~on from the 
standpoint of both meeting regulatory requirements and achiev-
ing community acceptance. This single issue can have a deva-
stating impact on the ability of u. S. manufacturers to com-
pete successfully in the expanding cl.vil market. Programs 
that improve the capability to predict noise Wl.th better con-
fidence are an essential element in reducing the risk of a new 
helicopter development. Coupled with this noise prediction 
capability is the need for innovative techniques to min~m~ze 
noise without degrading productivity of the rotorcraft (i.e., 
payload, speed and range). These needs w~ll intensify as 
vehicle sizes increase and the development risk escalates as 
would be the case for the large transport rotorcraft, a heavy-
lift rotorcraft, and even the high-speed medium rotorcraft. 
Inherent in the current trend of rotorcraft development is the 
continuing divergence of the design philosophy between mi11-
tary and commercial products. As has been pointed out, there 
are only two U. S. manufactured commercial rotorcraft with 
seating capacity greater than three that are not derivatives 
of military vehicles. Current military specifications that 
stress ballistic tolerance, survivability, and other m1l1tary 
requirements have created a situation where very little of the 
final product is applicable to a commercially v1able product. 
Consequently, there is a significant need for research and 
development support directed specifically to the commerc1al 
rotorcraft to enhance the U. S. technical position 1n both the 
domestic and international market. 
This technical position encompasses a wide spectrum of tech-
nology needs. Specific areas 1nclude accelerated efforts to 
capi talize on two burgeoning technology fronts advanced 
composite materials and the microprocessor. Accelerated 
application of composites to all areas of the helicopter 
(rotor hubs, blades, and fuselage) offers significant reduc-
tions in empty weight and in cost, while increas~ng the ser-
vice life by minimizing corrosion problems. The microproces-
sor technology provides a revolution in its impact on rotor-
craft. Efforts are needed to capitalize on the information 
storage and processing capabilities of these relatively low 
cost microcomputers in order to achieve such commercially 
attractive benefits as improved handling qual~ tloes , reduced 
pilot workload, and single pilot IFR. A major outgrowth of 
this technology thrust would be ~ helicopter with all-vlosiblol-
ity operational capab~lity. Coupled wloth thlos thrust loS the 
need for improved sensors and displays. 
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For the larger hellcopters and also the tllt rotor, the bene-
f1 ts of fly-by-wlre or fly-by-llght should not be neglected. 
Reductlons In welght and cost and improved rell.abl.ll. ty and 
malntalnablllty are beneflts strongly supportlve of a vl.able 
cornmerclal product. 
Glven some of the synerglstlc benefits of the precedlng tech-
nology thrusts, a very competitlve serles of commerclal pro-
ducts can evolve. However, there is the need for research 
effort on englnes and fuels, not only from the standpolnt of 
reduced SFC but to achleve wlder tolerance on fuel speclfica-
tl0ns. The ablll ty to burn alternate fuels in the same en-
glnes wlll become lncreaslngly important over the comlng 
years. 
Much of the baS1C technology has been researched and shown 
appllcable to advancing the productlvity of rotorcraft. W1th 
the dlverglng requlrements between c1vil and m1l1tary hellcop-
ters, 1 t 1S lmperat1 ve that NASA accept the vi tal roll of 
focuslng h1gh technology programs on c1vil helicopter appllca-
t1.ons. 
Advanc1.ng the productlvity of the Un1ted States manufactured 
hel1.copter can be ach1.eved only through the incorporat10n of 
advanced technology. Th1S is needed to malntain a compet1t1ve 
U. S. POS1.tlon 1.n the world hellcopter market. 
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TABLE 10. - FREE WORLD CIVIL ROTORCRAFT SENSITIVITY TO NEW TECHNOLOGY 
-----------·------------------1-----------------------------------------------------------------------------~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~!~~~~~~~~~~~~~~~~~~~~~1~~~~~!~~~~~~~~~~~~~~~~~~~~~~~~~~~~: 
------------------------------ -----------------------------------------------------------------------_.----
------------------------------1-----------------------------------------------------------------------------~ ______________________________ _ __ ZQ _____ Z! _____ Z~ _____ z~ _____ z~ _____ z~ _____ z~ _____ zz _____ Z~ _____ Z~ _____ ~Q __ 
BASELINE 548 558 625 1040 913 861 803 757 838 1350 1699 
------------------------------ -------------------.---------------------------------------------------------
----------.-.------------.--.- -----------------------------------------------------------------------------
80 81 82 83 84 85 86 87 88 89 90 
-----------------.------------ ------------------------~----------------------------------------------------BASELINE 1699 1851 1952 2020 2101 2180 2262 2211 2344 2413 2441 
151 IMPROVEMENT 
TOTAL 
74 120 189 237 412 397 440 552 
1699 1851 1952 2094 2221 2369 2499 2623 2741 2853 2993 





hIGH SPEED MEDIUM TRANSPORT 
HIGH SPEED LARGE TRANSPORT 
TOTAL 
2441 2478 2498 2495 2482 2467 2443 2399 2360 2302 2224 
546 594 688 775 889 998 1046 1293 1439 1602 1799 
2 9 12 18 24 24 24 24 24 24 24 
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Figure 10. - Free world civil rotorcraft market sensitivity 














TABLE lO(a/b). - FREE WORLD CIVIL ROTORCRAFT MARKET SENSITIVITY 
TO NEW TECHNOLOGY (UNITS) 
r~~~~~~~~:::::::::::::::::::::: :~;~::::~l?::::~~~::::~~::::~~::::~~~::::~~~::::~?~::::~~;::::~~~::::~~;:: -------------------------------i----------------------------------------------------------------------------~ b______________________________ _ __________________________________________________________________________ _ 
-------------------------------------------------------------------------------------------------------------j ______________________________ __ZQ _____ Zl _____ Z~ _____ Z~ _____ Z1 _____ Z~ _____ Z~ _____ ZZ _____ Z~ _____ Z? _____ ~Q __ 
BASELINE 548 558 625 1040 913 861 803 757 838 1350 1699 
t::::::::::::::::::::::::::::::j;:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
__ ~Q _____ ~! _____ ~~ _____ ~~ _____ ~1 _____ ~~ _____ ~~ _____ ~~ _____ ~~ _____ ~2 _____ 2Q __ 
BASELINE 1699 1851 1952 2030 2105 2180 2245 2305 2355 2402 2442 
15% IMPROVH1ENT +64 +116 +189 +241 +325 +370 .461 .553 
-------------------------------- -----------------------------------------------------------------------.----
------------------------------
__ 2Q _____ 21 _____ 2~ _____ 2~ _____ 21 _____ 2~ _____ 2~ _____ 2Z _____ ?~ _____ 22 ___ ~QQQ __ 
DAS~LlNE 2442 2480 2490 2500 2495 2470 2415 2402 2360 2302 2212 
15% IMPROVEMENT +553 +617 +709 4801 +908 +1035 +1192 +1307 +1451 +1611 +1803 
LARGE TRMlSPORT +2 +9 +12 418 +24 +,4 +24 +24 +24 +24 .24 
HEAVY LIFT +2 +6 +9 +12 +15 +18 +21 +24 +24 "'24 +24 
'1IGoi SP~D r·1EJIU:1 iRANS?CRT +2 +12 +24 "48 +60 +75 +75 +75 +75 +75 +15 
HIG~ SPEED LARGE TRANSPO:n +2 +12 ·24 +36 +48 +50 
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Figure lOeb). - Free world market sensitivity to development of 




TABLE 10(c). - U.S. & FREE WORLD ROTORCRAFT }ffiRKET SENSITIVITY TO 
15% IMPROVEMENT IN TECHNOLOGY (UNITS) 
------------------------------1---70-----7;-----72-----73-----74-----75-----76-----77-----78-----79-----80--] 
t
----------------------------- -----------------------------------------------------------------------------U S. BASELINE 415 391 490 859 731 704 678 610 652 1040 1264 
FREE WORLD BASELINE 547 558 625 1040 914 862 803 757 838 1350 1699 
----------------------------- -----------------------------------------------------------------------------
----------------------------- ----------------------------------.------------------------------------------
___ ~Q _____ ~l _____ ~? _____ ~~ _____ ~~ _____ ~~ _____ ~~ _____ ~Z _____ ~~ _____ ~2 _____ 2Q __ 
U S. BASELINE 1264 1402 1481 1565 1618 1700 1750 1818 1862 1906 1940 
U S 15% IMPROVEMENT 9 83 118 158 218 252 326 402 
____ IQ!~~_y_~!_______________ _!?§~ ___ !~Q~ ___ !~~! ___ !~~~ ___ !ZQ! ___ !~!~ ___ !~!~ ___ ?Q~§ ___ ?!!~ ___ ??~? ___ ?~~? __ 
FR:E WO~LD BASEL!~E 1699 1851 1952 2030 2105 2180 2245 2305 2355 2402 2442 
F W 15~ IMPROVEMENT 
TOTAL F W. 
US. BASELINE 
U.S. 15% IMPROVEMENT 
TOTAL U S 
-------------------.----------
FREE WORLD BASELINE 
F W 15% IMPROVEMENT 
TOTAL F.W. 
64 116 189 241' 325 370 461 553 
1699 1851 1952 2094 2221 2369 2486 2630 2725 2863 2995 
___ ~Q _____ 2! _____ ~? _____ 2~ _____ 2~ _____ 2~ _____ 2§ _____ ~Z _____ ~~ _____ 22 ___ ?QQQ __ 
1940 1956 1956 1936 1898 1820 1762 1664 1542 1398 1210 
402 447 542 676 819 1010 1141 1354 1574 1807 2093 
2342 2403 2498 2612 2717 2830 2903 3018 3116 3205 3303 
-----------------------------------------------------------------------------
2442 2480 2490 2500 2495 2470 2415 2402 2360 2302 2212 
553 617 709 801 908 1035 1192 1307 1451 1611 1803 
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Figure lD(c). - u.s. & free world civil rotorcraft market sensitivity 
to 15% improvement in technology (units). 
TABLE lO(d). - U.S. BASELINE ROTORCRAFT MARKET SHARE OF FREE WORLD 




------------------------------ __ §Q _____ §! _____ ~~ _____ §~ _____ ~1 _____ ~? _____ ~~ _____ §Z_----~~-----§~-----~Q-
U S BhSELINE 1264 1402 1481 1565 1618 1700 1750 1818 1852 1906 1940 
TOTAL FREE WORLD MARKET 1699 1857 1952 2094 2221 2369 2486 2630 2725 2863 3001 
------------------------------ ------------------------------------------------.--------------------------
------------------------------ ---------------------------------------------------------------------------
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Figure lO(d). - U.S. Baseline rotorcraft market share of free 





TABLE 10 (e) '. - FREE WORLD CIVIL ROTORCRAFT UARKET SENSITIVITY TO 
NEW TECHNOLOGY ($ MILL+ONS) 
60 61 62 63 64 65 66 67 68 69 70 ------------------------------1----------------------------------------------------------------------------1 [~~~~~~:~::::::::::::::;;;;;;;; :;:;~;;;;;;~;;;;;~~;;;;;~~:;:;;~~;;;;;~~;;;;;~~;;;;;~~;;;;;;~;;;;;~~;;;;;~~;; 
~~~ii~iii::::::::::::::::::::::1;::!~:::::~::::i~l::::~~::::~~~::::~~~::::i~~::::i~~::::~~;::::~~::::~::~ ~ ______________________________ J: ____________________________________________________________________________ j 
------------------------------- ----------------------------.-----------------.-.----------------------------
------------------------------
__ ~Q _____ ~! _____ ~~ _____ ~~ _____ ~1 _____ ~? _____ ~~ _____ ~Z _____ ~~ _____ ~~ _____ ?Q __ 
BASEU,..E 808 1078 1320 1510 1699 1906 2110 2398 2690 3034 3375 
1St IMPROVEMENT + 48 + 94 + 165 + 227 + 343 + 422 + 581 + 769 




__ 2Q _____ 21 _____ 2~ _____ 2~ _____ 21 _____ 2~ _____ 2§ _____ ?Z _____ 2~ ____ .22 ___ ~QQQ __ 
BASELINE 3375 3720 4033 4375 4716 5039 5337 5716 6065 6399 6636 
15% IMPROVEMENT +769 +926 +1149 +1402 +1716 +2111 +2634· +3111 +3729 +4479 +5409 
LARGE TRANSPORT +lBO +875 +1260 +2039 +293B +3173 +3427 +3698 +3996 +4315 +4660 
HEAVY LIFT +48 +155 +252 +362 +489 +635 +800 +986 +1066 +1150 +1242 
HIGH SPEED MEDIUM TRANSPORT +40 +259 +559 +1210 +1632 +2205 +2378 +2573 +2175 +3000 +3240 
HIGH SPEED LARGE TRANSPORT +176 +1142 +2467 +3996 +5755 +6475 
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Figure lO{e). - Free world civil rotorcraft market sensitivity 





TABLE 10(f). - U.S. & FREE WORLD ROTORCRAFT tffiRKET SENSITIVITY TO 
15% IMPROVEMENT IN TECHNOLOGY ($ MILLIONS) 
------------------------------1-----------------------------------------------------------------------------] 70 71 72 73 74 75 76 77 78 79 80 
.---------------------------- -----------------------------------------------------------------------------
U.S. BASELINE 48 57 83 149 169 201 190 186 216 362 557 
FREE WORLD BASELINE 67 89 111 200 233 260 239 288 365 550 808 
t::::::::::::::::::::::::::::: ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
__________________________________ ~Q _____ ~l _____ ~~ _____ ~~ _____ ~~ _____ ~? _____ ~§ _____ ~! _____ ~~ _____ ~~ _____ 2Q __ 
U S. BASELINE 557 755 951 1118 1247 1394 1572 1809 1902 2312 2579 
U S 15t I ~?ROVEMENT 
_____ :QI~~_~_~ _______________ _ 
FREE WORLD BASELINE 
F.W 15% IMPROVEMENT 
TOTAL F W. 
6 52 97 142 218 403 395 535 
__ ??Z ____ Z?? ____ 2?! ___ !1~1 ___ 1~22 ___ 1~21 ___ 1!11 ___ ~Q~! ___ ~~Q? ___ ~ZQZ ___ ~1!1 __ 
808 1078 1320 1510 1699 1906 2110 2398 2690 3034 3375 
48 94 165 227 I 343 422 581 769 
808 1078 1320 1558 1793 2071 2337 2741 3104 3615 4144 
------------------------------ -------------------------------------------.----------------------------------
-------------------------------------------------------------------------------------------------------------
___ ~Q _____ 21 _____ 2~ _____ ~~ _____ ~~ _____ g? _____ ~~ _____ 2! _____ ~~ _____ 22 ___ ?QQQ __ 
U. S BASELINE 2579 2809 3033 3243 3433 3556 3719 3792 3684 3717 3474 
U S. 15':.: IMPROVEIAENT 535 642 841 1132 1482 1974 2409 3086 3875 4805 6009 
_____ IQ!~h_~!~!_______________ _~!11 ___ ~~?! ___ ~~~1 ___ 1~!~ ___ ~2!? ___ ?~~Q ___ ~!~~ ___ §~?~ ___ !??2 ___ ~?~~ ___ 2~~~ __ 
FREE WORLD BASELINE 3375 3720 4033 4375 4716 5039 5337 5716 6065 6399 6636 
F.W 15% IMPROVEMENT 
TOTAL F.W. 
769 926 1149 1402 1716 2111 2634 3111 3729 4479 5409 
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Figure 10(f). - U.S. & free world rotorcraft market sensitivity 
to 15% improvement in technology ($ billions). 
TABLE lO(g). - U.S. BASELINE ROTORCRAFT ~ffiRKET SHARE OF FREE WORLD 
TOTAL ROTORCRAFT HARI<ET WITH ADVANCED TECHNOLOGY 
($ MILLIONS) 
[
---------------.... --.-... ---.1--80-----81-----82-.. --83-----84-----85-----86-----8;-----88-----89-----;0-I 
------------------------------ ---------------------------------------------------------------------------
U S BASELINE 557 755 951 1118 1247 1394 1572 1809 1902 2312 2579 
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Figure 10(g). - U.S. baseline rotorcraft market share of free 
world total rotorcraft market with advanced 
technology ($ billions). 
CONCLUSIONS 
1. The U.S. ~s hold~ng ~ts own ~n the advance of rotorcraft 
technology; however, a concentrated coordinated effort 
across the board could prov~de advances in reduced 
we1ghts and fuel consumpt10n that would const~tute a step 
forward comparable to the ~ntroduct~on of the gas tur-
b~ne. 
2. Advances 1n technology offer the best route to rotorcraft 
penetrat~on of the general aviat~on market wh~le the de-
velopment of h~gh speed transport hel1copters and devel-
opment of c~ty center heliports offers the only major op-
portun~ty to penetrate the air transport market. 
3. The Free World c~v~l rotorcraft market has not yet ap-
proached saturat~on and w~ll continue to double each 
decade, approach~ng 3000 units per year by 1990. 
4. Many mi11tary forces, able to procure rotorcraft in sub-
stantial quant~ties, have achieved their force goals and 
now procure for attr1t10n replacement and modernization. 
Product10n 1S not expected to exceed 1000 units per year 
aga1n unless there is another major conflict, such as 
V1etnam. 
5. Advanc1ng technology of mater~als and systems, increasing 
S1ze, and 1nflat~on, all are comb~n~ng to advance the 
cost of helicopters at an ever increasing rate, advancing 
the average cost of a rotorcraft from approximately 
$900,000 ~n 1979 to more than $2.5 m~ll~on ~n 1990. 
6. Production know-how, an infus~on of large doses of new 
technology, will cause the U.S. to continue to lead free 
world rotorcraft product1.on despite fore1gn advances 1n 
technology and government subs1dy. 
7. The h1.gh cost of a small production run 1.n less wealthy 
countries and ~ncreasing rotorcraft know-how in wealth~er 
countr~es w~ll keep l~censed product~on at a relatively 
low level for the next decade. 
8. The U. S. w111 continue to lead the free world 1.n civl.l 
rotorcraft markets, account~ng for more than one-half of 
the un~ts, wh~le hold1.ng approximately one-th1rd of the 
ml1ltary market. 
9. The l~ght s~ngle turb~ne w~ll continue to dom~nate the 
clv~l rotorcraft market 1n un1ts through the next decade, 
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accounting for 60 percent of the market, while medJ.wn 
twins and the emerging light twins will account for 65 
percent of the dollars. 
10. The corporate and private owner market, closely followed 
by the resource exploration market, will contJ.nue to 
dominate U. S. civil rotorcraft sales, as in the free 
world. International public service is also a strong 
market. 
11. General aviation dominates the free world cJ.vil aJ.rcraft 
market in units while air transport dominates the market 
in dollars, offering tempting targets for penetration by 
rotorcraft. 
12. Except for the Vietnam era, military rotorcraft produc-
tion has not gained appreciably on fixed wing productJ.on 
in units and has fallen well behind in dollars. 
13. The U.S. will continue to constitute more than SO percent 
of the rapidly growing free world civil rotorcraft fleet 
while decreasing to 40 percent of the more gradually J.n-
creasing military fleet. 
14. The new administration tax policies for U.S. business, J.f 
carried out, will aid in offsetting the government sub-
sidies of foreign manufacturers. 
15. The U.S. government should move carefully in implementJ.ng 
environmental controls, such as noise standards, less the 
U.S. industry be stifled in world markets. 
16. A major world wide shortage of pilots and mechanJ.cs will 
soon hamper the growth of civil markets unless J.nroads 
are made against the high cost of training. 
17. The world wide need for energy sources, the acquisi tJ.on 
of them, the safeguarding of them, the wealth provJ.ded by 
them, and the poverty incident to their absence, are the 




MARKET ENV IRONMENT 
General 
The 1980's w111 see substantial redirection of the worldw1de 
po11t1cal, m111tary, econom1C, technical, and social trends of 
the 1970's. 
Pol1t1cal-M111tary 
The pers1stent w1thdrawal of the u.s. from a position of world 
dom1nance peaked in the late 1970' s and is turning about. 
However, the center of u.s. interest 1S refocusing on Mlddle 
East energy resources lnstead of Western Europe, and on Chlna 
1nstead of Korea and Japan. 
Detente 1S 1n dissolution, fine cracks ln NATO are beglnnlng 
to wlden, and a maJor struggle for power is underway ln L'1e 
M1ddle East, probably to be followed by a siml1ar struggle ln 
S . E. ASla. The U. S. can be expected to begin to "hedge 1 ts 
bets" by rebul1dlng 1 ts relatl0nshlps Wl th the countries of 
the Western Hemisphere, offering to trade technology for 
natural resources. 
In Lat1n America, the USSR can be expected to stimulate inter-
nal communlst takeovers, partlcularly in Central America and 
the Carlbbean ln countr1es surrounding the newly found huge 
011 f1elds of MeX1CO. 
Economlc 
Energy, ln the form of oil, continues to be the drlving force 
of the world economles for the foreseeable future. 
Polarlzatl0n of wealth due to 011 started ln the early 1970's. 
I t has lntenslfled dramatlcally Slnce that time concurrent 
wlth the tenfold price lncrease. 
There are 30 countries who are self-suff1clent In 011. E1ght 
more countrles have the potent1al of becoming self-sufflclent. 
These countrles, for the most part, are destlned to generate 
huge reserves that can be spent on development. This creates 
a favorable hellcopter market to satisfy a complete spectrum 
of needs and deslres. The economles are rapldly growlng or 
w111 soon begln to grow. 
There are approxlmately seven developed countrles, deficlent 
1n petroleum, that can be expected to malntaln a reasonable 
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balance of trade (and therefore a reasonably level economy) 
over the next decade by exporting manufactured goods and 
technology. They too will have a somewhat favorable market 
for helicopters. 
Five countr~es, who have an abundance of other m~nerals (cop-
per/sil ver/gold/diamonds/etc.) or agricultural products ( co-
coa/coffee/grain/lumber/etc. ), will continue to move ~n and 
out of a position of a favorable balance of trade, dependent 
upon the fluctuations in price of the commod~ty. The~r econ-
omies will fluctuate accordingly. During down per10ds, mone-
tary reserves are usually husbanded for the procurement 0 f 
petroleum or the expense of the import of cap1tal goods (in-
cluding helicopters). 
The remaining approximately 100 countries of the world, de-
ficient in petroleum or offsetting exports, are destined to 
suffer an unfavorable balance of trade, 1nflation, economic 
stagnation, and eventually can be expected to decline 1nto an 
agrarian economy. 
Technical 
The technical environment in which the helicopter industry 
finds itself today and for the next decade is in a state of 
consolidation, brought about by two causes. 
A large part of industry effort today is devoted to applica-
tion and proving technology developed over the past two de-
cades in such areas as composite materials, f1ber-opt1cs, and 
microelectronics. The impetus of the U. S. space program, 
which made major contributions to the recent explosion in 
technology, has receded somewhat. 
Advanced technology is a province of the industrialized free 
world -- the U.S., Germany, France, the Netherlands, France, 
Sweden, Italy, Israel, and Japan. All of these are hostage to 
the accelerating price of petroleum and therefore subject to 
an inbalance of trade, resul tant inflation, and a general 
deterioration of wealth to spend on advancement of technology. 
These nations can maintain a level of balance of trade by 
selling technology to other nations. At some point in t1me 
the knowledge will have been transferred and these nat10ns are 
destined to a more rapid decline unless energy sources are 
re-established. 
Social 
The incessant pressure on all nations resulting from popula-
tion increases, combined W1th the development of satel11te 
communications, is causing a reshap1ng of national concepts, 
particularly in the th1rd world of emerging nations. 
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The AfghanIstan camel dr~ver cannot help developing a surge of 
"want" when he sees a p1.cture via satell1.te commun1.cat1.ons of 
() Mercedes automob~le on televis~on in his v1.llage. These 
klnds of pressures are develop~ng throughout Afr1.ca, Lat1.n 
Amer~ca, Eastern Europe, and most importantly in China and the 
USSR. 
These pressures 1.nev~tably cause governments (including total-
11. tar1.an) to seek release through social programs of land 
reform, 1.ncreased agr1.cultural production, and increased 
soc1.a1 programs such as medlcal aid. They also cause 1.n-
creased act1.ons to protect a status quo through pollce actlvl-
t~es and m~litary presence. 
All of these act1.ons and reactions create an enVlronment 




MARKET ANALYS I S 
The historical helicopter data compiled for this task were 
drawn from the Bell Helicopter Textron data base. ThIS data 
base is considered proprietary to Bell. In It, the h1story of 
each individual helicopter, insofar as posslble, has been 
traced from its source of manufacture to its current owner. 
This trace covers location, mission, owner, status, and method 
of transfer when changing owner or location. This trace, 1n 
the form of a series of transactions, for each hellcopter, has 
been entered into the BHT computerized data base. 
Seventy-five countries were selected for intensive analysis. 
This analysis for each country had five major elements Wh1Ch 
bear upon helicopter procurement. 
The geographic analysis included; a determination of the area, 
of the country in square kilometers, the percent above 1000 
meters of altitude, the highest minimum en-route alt1tude for 
IFR flight, the length of coastline to be patroled, and the 
width of the continental shelf which largely determines the 
lim~t of economic activity (fishing and petroleum explorat1on) 
which most have aer~al surve~llance for rescue and secur~ ty 
purposes. 
The climatic analysls included a determination of the mlnlmum 
and maximum monthly average temperatures, annual ra1nfall, 
annual days of rain, and relative humidity. The geographic 
and climatic analysis largely determines the performance and 
conflguration requirements of a helicopter operating In that 
environment. (Performance in terms of range and excess power 
for hot, high operations -- configuration in terms of single 
englne versus multi-engine for IFR operations). 
The political analysis included a determination of the type of 
government (free or controlled society), its affiliat10ns WIth 
other countries, and particularly its relatlons with the 
united States. It also included an analysls of the Internal 
threat, leading to requirements for national police or mil1-
tary force requirements. 
. 
The military analysis included a determlnation of helIcopter 
force requlrements as to mission and quantlty and an assess-
ment of the current and future threat, both internal and 
external, leading to a projectlon of future force requlre-
ments. The inventories and ann~al procurement of hellcopters 
were related to the defense budget, the natlonal budget, and 
the gross domestic product over the past twenty years. 
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The demographlc analysis lncluded the growth in population of 
the country and a determlnation of the maJor populatlon cen-
ters, thelr Slze and the distance between them, leading to an 
analysls of C1Vl1 government requlrements (pollce, flre, 
ambulance) . 
The economic analysis included a determination of the gross 
domestlc product and its 20-year trend in real terms, and the 
proportlon divlded between the military, CiVll, government, 
and the private sector of the economy. The analysis also 
lncluded a determlnatl0n of trends in petroleum productlon 
versus consumptl0n, overall energy production versus consump-
tlon, electrlc generating capaCl ty, construction index, in-
dustrlal lndex, consumer prlce index, exports versus lmports, 
and natlonal monetary reserves. An analysls was also made of 
the hlstorlcal relationship of offshore 011 exploratlon actlv-
lty to helicopters and the future lndlcated by current trends, 
leases for future exploration, and geophysical reports. These 
data were all used in making a subjectlve forecast of natlonal 
gross domestlc product. 
As noted In the lntroductlon to this report, pricing has been 
derlved in several ways. Commercial hellcopter prlclng varles 
wldely between manufacturers, dependent upon what equipment is 
lncluded ln the base prlce and what equlpment is added for the 
mlSS10n to be performed. Also, foreign manufacturers do not 
follow publlshed prlces, charging "whatever the traffic wlll 
bear. " For this study only the new (initial price) has been 
used. 
The baslc document used for commercial prlcing is the 1980 
edl tlon of "The Officlal Hellcopter Blue Book" published by 
Hel1copter Financlal Services, Inc. The prlces were the 
average equlpped hellcopter by model and year. Because of the 
vagarles of prlc1ng by foreign manufacturers, Blue Book pric-
lng was applled world wlde. Where prlcing for certaln years 
was not avallable ln the "Blue Book," prlcing from a year when 
pr1clng was known was adJusted by the change ln consumer price 
1ndex of the country of manufacture. 
Mll1 tary hel1copters were priced in two ways. For those of 
fore1gn manufacture, Blue Book pric1ng was used, for the most 
part, unless other priclng was available. The u.S. government 
prov1des u. s. mll1 tary hellcopter manufacturers with govern-
ment furnlshed equlpment (1. e., englnes, aVl0nics, weapons, 
etc.) for lnstallatlon. Therefore, the manufacturers prlce 
does not reflect the total prlce. Average mld-product1on run 
"flyaway" prlclng was obtalned from agencles of the u. S . 
Department of Defense. ThlS prlclng lncluded government 
furn1shed equlpment. ThlS prlce was adJusted by the approp-
r late U. S. consumer prlce lndex to establlsh annual prlces. 
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This annual pricing was applied to both U.S.-manufactured 
helicopters and those manufactured in foreign countries under 
license by u. s. manufacturers. Forecast pric~ng for both 
civil and military aircraft was based upon an 8 percent per 
year inflation rate. 
u.s. fixed wing production, inventory, and pr~c~ng was taken 
from published reports of the Federal Aviat10n Admin1strat10n, 
the Aerospace Industries Association, the International civll 
Aviat10n Organization, and the General AV1ation Manufacturers 
Association. 
In gathering data for direct employees engaged in manufacture 
of helicopters, it became evident that personnel account~ng 
methods used in the industry precluded ident1fication of those 
direct employees engaged in manufacture of end 1tem he11cop-
ters as opposed to spare parts manufacture (e.g., rotor blades 
are made for both new production aircraft and for replacement 
spares by the same direct employees). The figures shown I 
therefore, reflect total direct employees as differentiated 
from overhead and indirect. In order to est1mate the employ-
ees for companies who declined to provide requested data, the 
ratio of employees to airframe we1ght produced was calculated 
for those companies who did respond, and these calculations 
were used to compute manpower for nonresponding compan1es 
manufacturing similar products. The forecast was computed 1n 
the same manner, taking into account improved manufacturing 
techniques and increased employee productivity. 
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